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It is summertime in the northern hemisphere 
- my wife has already been swimming in the 
Baltic Sea. For me it is still a little too cold, 
10°C (50F) rather than 20°C. As we can 
walk down to the beach from our home, we 
will soon be building sand castles with my 
Grandson. He is nearing 5 years old and is 
discovering the world.

There have been great conferences and 
shows in the fi rst half of the year, and more 
are coming in the fall. This year electronica 
is again in Munich in November and a week 
later we are back to Nuremberg for sps ipc 
drives. EPE ECCE in Lappeenranta, Finland, 
will take place in late August and ECCE in 
North America will be in Pittsburg, PA, in 
September.  And there others – all events 
with strong power related subjects that de-
serve attention. Just watch the event listings 
on my web-page and e-news-letter, and here 
in the magazine next to my View point.

This year my publication will mark its 100th 
issue. A great team works together to make 
this happen. Today, I want to thank Marisa for 
having contributed over the last few years as 
my corresponding editor focusing on events 
in Munich and around Southern Europe. By 
now Marisa has taken over a leading function 
for a German magazine, so her time is lim-
ited and we will not see her continuing with 
articles in my magazine. We all wish the best 
for her future activities.   

The better news for me is that Alfred Vollmer 
has now agreed to contribute to the maga-
zine. Welcome Alfred!  
Alfred’s fi rst action has been writing the 
Guest Editorial in this issue, and he will con-

tinue to contribute on a regularly basis.

Communication is the only way to prog-
ress. We delivered twelve issues last year, 
each month, on time, every time. This year, 
the June issue marks 75 technical articles 
published, amongst 440 pages. They are 
all archived and retrievable at PowerGuru. 
As a media partner, Bodo’s Power Systems 
serves readers across the globe. If you 
speak the language, or just want to have a 
look, don’t miss our Chinese version: 
www.bodospowerchina.com.

My Green Power Tip for June: 
Pick local strawberries from the fi eld before 
they get packed and transported. Eat them 
right away – never more fresh. They are 
most enjoyable direct from the bush – eat 
them all, no transportation energy lost ! 

See you soon at EPE, ECCE, and around 
the world.
Best Regards

It is Beach Time!

Sensor + Test 2014, 
Nuremberg, Germany, June 2-5 

http://www.sensor-test.com/press

Intersolar 2014, 
Munich, Germany, June 2-6 http://www.
intersolar.de/de/intersolar-europe.html 

PCIM Asia 2014, 
Schanghai, China, June 17-19 

http://www.mesago.de/en/PCC/home.htm 

Utility Energy Storage Europe, 
London, UK June, 18-19  

http://www.smi-online.co.uk/utility/uk/confer-
ence/distributed-energy-storage

CWIEME 2014, 
Berlin, Germany, June 24-26 

www.coilwindingexpo.com/berlin/ 

Thermal Management 2014, 
Denver CO, August, 6-7  

http://www.thermalnews.com/conferences/ 

EPE ECCE 2014,
 Lappeenranta, Finland, August 26-28 http://

www.epe2014.com/ 

ECCE 2014, 
Pittsburg, PA, September 15-18 

http://www.ieee.org/conferences_events/
conferences/conferencedetails/index.

html?Conf_ID=21325 

INNOTRANS 2014, Berlin, Germany, 
September 23-26 http://www.innotrans.de/ 

EU PVSEC 2014, 
Amsterdam, Netherlands, Sept. 22-25

 http://www.photovoltaic-conference.com/ 

INTELEC 2014, Vencouver, Canada, 
Sept.28- Oct. 2 http://www.intelec.org/

EDPC 2014, 
Nuremberg, Germany, Sept. 30-Oct.1 

http://www.mesago.de/de/EDPC/ 

LED professional, Bregenz, Austria, 
Sep. 30- Oct. 2 http://www.lps2014.com

VIEWPOINT

Events



ENERGY UNDER CONTROL

HO - A Range of Choices
A breakthrough in the tradeoff between performance, cost, size & mounting versatility. 
Whatever current you need to measure, mounting constraints or performance required, the 
HO current transducer range offers you the perfect solution.
6 families cover nominal currents from 2.67 A to 250 A, PCB-through-hole, surface-mount 
or multiple panel mounting versions, and offer an aperture or integrated primary conductor.
LEM ASIC technology brings Open Loop transducer performance closer to Closed Loop 
transducers, providing you with better control and increasing the efficiency of your system, 
but at a significantly lower price.

  Single +5V or +3.3V power supply 
  Up to 8 mm creepage and clearance

  + CTI 600 for high insulation
  Half the offset and gain drifts of previous generation
  Overcurrent detection on a dedicated connection

  Fast response time from 2.5 to 3.5 μs
  Over-drivable reference voltage
  Fault reporting function
 Versatile panel mounting version (3 ways)
  -40 to +105°C operation

www.lem.com At the heart of power electronics.

http://www.lem.com
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Power Electronic Measurements  (PEM UK Ltd) has recently entered 
into a partnership with the University of Nottingham to develop new 
technologies and innovative ideas through the universities ‘Knowl-
edge Transfer Partnership’ or KTP and as a result is now offering two 
post graduate/doctoral engineer positions.
KTP is a long-standing programme, funded in part by the Technology 
Strategy Board, that uses the knowledge and technology of universi-
ties to help successful SME businesses to improve their competitive-
ness, productivity and performance.
The KTP will involve working with world leaders in wideband Rogows-
ki technology, PEM, and the internationally renowned Power Electron-
ics, Machines and Controls Group at the University of Nottingham. 
Two post graduate/doctoral engineer positions are available.

Applications for these research posts, can be found on the University 
of Nottingham’s recruitment pages. Note registration is required to 
access the site.
https://jobs.nottingham.ac.uk/VM/Applications.aspx?jobId=1000 
https://jobs.nottingham.ac.uk/VM/Applications.aspx?jobId=998 

Please direct all enquiries directly to the university.
For further information on the KTP programme, please visit the Uni-
versity of Nottingham’s website:
http://www.nottingham.ac.uk/news/pressreleases/2014/march/
university-helps-six-businesses-take-a-technology-leap-through-12m-
funding.aspx  

www.pemuk.com 

Knowledge Transfer Partnership with Nottingham University

GaN Systems, a leading developer of gallium nitride power switching 
semiconductors, has announced that Julian Styles, Director of Busi-
ness Development USA, has been elected to the Board of the Power 
Electronics Industry Collaborative (PEIC), the US industry consortium 
of suppliers, OEMS, stakeholders and research companies committed 
to accelerating development and growth of power electronics in the 
US. PEIC’s aim is to increase investment in manufacturing capabili-
ties and advance innovation in power electronics in the US as energy 
effi ciency becomes ever more important globally.
“We are thrilled that GaN Systems has joined PEIC’s Board of Direc-
tors,” said PEIC Board President, Mark Bellinger. “Julian’s expertise 
is extremely valuable and he will certainly be a great addition to the 
Board.”
GaN Systems has developed a range of gallium nitride power 
switching products based on its proprietary Island Technology®.  The 

company’s devices overcome the limitations of traditional silicon 
semiconductors, offering far greater effi ciency in power conversion 
applications such as solar, wind, smart-grid, electric and hybrid ve-
hicles and power supply applications.  GaN Systems has recently an-
nounced its products will be widely commercially available this year. 
Styles comments: “Innovative semiconductor companies like GaN 
Systems succeed best when they are part of a thriving power elec-
tronics ecosystem.  We are very impressed with PEIC’s efforts to build 
and strengthen this ecosystem in the USA, and are delighted to be 
able to get involved.”

www.gansystems.com

www.peic-us.org

Julian Styles elected to Board of Power Electronics Industry Collaborative in USA

Mersen, a global expert in electrical safety 
systems, has developed the HelioProtec-
tion© range of dedicated products for the PV 
market, with an innovative safety solution 
for residential, commercial and industrial PV 
solar installations called Greeneye – Green-
brain®.
This PV safety system has an individual, 
remotely controlled shutdown feature per PV 
module, safeguarding against potential elec-
trocution hazards. If there is a need for ur-
gent shutdown, the Greeneye - Greenbrain®  
system immediately brings the output current 
and voltage of the individual PV modules to 
zero. The PV installation therefore becomes 
fully disconnected and safe for maintenance 
or construction work, or even in the case 
of fi re, avoiding any risk of electrocution for 
personnel or fi refi ghters.
Greeneye - Greenbrain® is a cost effective, 
fully  plug & play system. It requires no 
specifi c wiring, since the shutdown command 
is transmitted by broadband over the PV ar-
ray’s DC wiring for enhanced safety. 
Greeneye® is an electronic safety switch 
embedded in the junction box to shut down 

the PV modules. It is also available as an 
add-on box to retrofi t all classic modules. It 
guarantees total safety until the installation 
is returned to service. It can also be used to 
create smart modules in the form of an elec-
tronic board that can be integrated into junc-
tion boxes on modules, or can be purchased 
directly in a module box produced in col-
laboration with the company Hüber+Sühner 
(RADOX® Blue Safety).

Greenbrain® is the ON / OFF activation 
module for the Greeneye® and controls the 
safety signal light. The shutdown feature 
can be remotely controlled either manually 
by hitting the emergency stop button or 
automatically by a DC arc detector or any 
other safety system to shut down the PV 
array. The system is failsafe and designed 
according to the IEC 61508 SIL2 safety 
standard for electronics.
To optimize operation and maintenance of 
the PV solar system, individual monitoring 
of strings and modules is also available as 
an option, compatible with Modbus, Ethernet 
or Wifi  to interface with different monitoring 
systems.
Greeneye - Greenbrain®  meets all the 
requirements of PV safety legislation in 
force on 1 January 2014: For the USA, the 
2014 edition of the NEC, article 690.12; In 
France, the 2013 edition of UTE guidelines 
C 15-712-1; In Germany, the 2013 edition of 
VDE-AR-2100-712 guidelines and in Austria, 
the 2013 edition of OVE R 11-1

www.ep.mersen.com

Total Safety for PV Solar Systems and Absolute Protection of People 

http://www.pemuk.com
http://www.gansystem.com
http://www.peic-us.org
http://www.ep.mersen.com


Speed and Flexibility
Vincotech, a 100% independent company within Mitsubishi Electric Corporation, is a market leader in power modules. 
With over 40 years of experience Vincotech develops and manufactures high-quality electronic power components for 
Motion Control, Renewable Energy, and Power Supply applications.

What Vincotech offers:
• Power modules with various topologies ranging 

from 4 A to 800 A and from 600 V to 2400 V
• Designed with low stray inductance 

(Rectifier, Sixpack, PIM (CIB), IPM, Boost, 
NPC, H-Bridge, Half-Bridge, PFC, etc.)

• 21 different standard housings

The Vincotech difference:
•  A large variety of standard products for 

qualified, reliable solutions
• Building blocks to design your product – 

flexible designs to meet your specific 
requirements 

• Ultra-low inductance designs
• Phase-change material – no more 

thermal grease

www.vincotech.com

High-power module with 
enhanced performance

flowMNPC 4w 2nd gen.
• Optimized semiconductors current ratings for better efficiency
• Mitsubishi’s latest 6.1 generation IGBTs
• 650 V class semiconductors in Mixed voltage NPC topology
• Low commutation inductance

More details: www.vincotech.com/flowMNPC_4w_2nd

Industrial Drives   |   Solar Inverters   |   UPS   |   Embedded Drives   |   Welding   |   Power Supplies   

If you can imagine it – we can build it

http://www.vincotech.com
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Alpha is pleased to be a Gold Level Sponsor for the fi rst Global Sum-
mit for Advanced Manufacturing (GSAM).  This unique event, created 
for manufacturers, by manufacturers, and of manufacturers, comes 
to San Francisco on July 9 and 10 (co-located with SEMICON West 
2014), with industry tours on July 11.  GSAM answers the call for 
a forum that explores practical solutions for today’s most pressing 
manufacturing challenges, including the convergence of miniaturiza-
tion, automation, integration, ruggedization, materials and processes, 
along with other special topics.  GSAM will feature case study-based 
presentations, networking opportunities and one-on-one individual 
meeting sessions on how to leverage today’s successfully developed 
and manufactured products to yield viable solutions for the emerging 
manufacturing leaders of tomorrow.
“Technology in the marketplace has advanced over the years to 
change the way we live.  In today’s world, mass implementation of 
these new technologies needs to accelerate in order to keep pace 
with society’s demands,” observed GSAM co-chair Dr. Gene Kim of 
Alpha, a division of Alent plc.  “Yet, we’ve repeatedly seen technolo-

gies that held great promise fall short of market realization because 
the promise came with too many barriers – capital expenditure, global 
supply-chain, technological scale-up, regulations, market timing, in-
frastructure, and so on.  The true manufacturing value-add offered by 
a technological advancement comes from its total cost-of-ownership 
benefi t, but key decision makers have lacked a forum in which they 
could candidly and thoroughly discuss this assessment.  GSAM was 
conceived to encourage these important discussions – real people 
discussing real manufacturing challenges in an environment that 
cultivates manufacturing innovation.”
Mark your calendars for GSAM’s inaugural summit, which will be held 
at the San Francisco Marriott Marquis starting July 9th.  More informa-
tion can be found at www.gsam.org or by following the organization 
on Twitter at@GSAdvMfg.  GSAM-related tweets can be created, 
viewed, and shared using the hash tag #GSAM14.

www.alpha.alent.com

First Global Summit for Advanced Manufacturing  

The SENSOR+TEST 2014 from the 3rd to the 5th of June in Nürnberg 
is more than just a trade fair: Besides the exhibition itself, the exten-
sive action program offers visitors numerous other opportunities to 
get up to date on the state of the art in sensor, measuring, and testing 
technology at fi rst hand. www.sensor-test.com

Comprehensive Action Program at the SENSOR+TEST

ABB announced that their Terra 23/53 range 
of fast chargers has successfully passed 
the new European certifi cation process for 
DC fast chargers at Applus IDIADA, the 
independent certifi cation house in Spain. The 
ABB multi-standard chargers are compliant 
with CHAdeMO 1.0, the CE standard and 
new industry guidelines for multi standard 
fast chargers. 
The CHAdeMO 1.0 certifi cation was carried 
out in March in Spain, immediately following 
the offi cial inauguration of Applus IDIADA 
as the fi rst independent certifi cation house 
for fast charging in Europe. In parallel to the 
formal standards-certifi cation by Idiada, the 
ABB chargers passed the individual vehicle 
verifi cation testing with Japanese and Euro-

pean car manufacturers, including backward compatibility testing with 
CHAdeMO 0.9 vehicles. WW
An extensive certifi cation and verifi cation process is a fundamental 
requirement for fast charging in general and public fast charging 
in particular. CHAdeMO 1.0 and CCS functionality require several 
stricter standards to be met, for example, with respect to charger 
isolation and power quality. In multi standard chargers such require-
ments are especially important and therefore ABB’s chargers are 
immediately designed according to the MOCCA (Multi Outlet Charger 
Confi guration Agreement) specifi cation, an new industry guideline 
under development which governs the seamless and safe integration 
of multiple standards for fast charging into one single fast charger. 
This will ensure safety, technical architecture, functionality and us-
ability to work in harmony when combining multiple outlets into one 
fast charger. 

http://www.abb.com/evcharging

Successfully Passcertifi cation for Multistandard EV Fast Chargers 

FCI Asia Pte Ltd, the global headquarters of a leading supplier of con-
nectors and interconnect systems, announces the formal acceptance 
by Electronic Industry Citizenship Coalition (EICC) as an applicant 
member. FCI is proud to be part of a leading supply chain comprising 
of global electronic brands as with its customers and suppliers with a 
common objective to improve social and environmental practices in 
the electronics industries. 
FCI continuously strives to ensure its businesses are conducted with 
highest ethical standards, taking into account its code of business 

conduct, applicable laws and regulation of the respective countries, 
and with the active integration of social and environmental practices 
throughout its supply chain. 
Following its enrolment with EICC, FCI strengthens its commitment to 
further improve operations and offer assistance to existing and poten-
tial suppliers to adhere and support EICC’s vision and mission.  
 www.fci.com

Joining Electronic Industry Citizenship Coalition

http://www.alpha.alent.com
http://www.sensor-test.com
http://www.abb.com/evcharging
http://www.fci.com
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Advancements in Thermal Management 2014 is a symposium high-
lighting the latest advancements in thermal technology for product 
design, electronics, system development and process management. It 
will be held August 6-7, 2014 in Denver, Colorado. 
This event features presentations on advancements in thermal 
management and technology for electronics packaging, temperature 
sensing and control, thermal materials, systems design and optimiz-

ing thermal properties. Topics will include all types of new thermal 
technology, commercial applications of recent advancements in 
thermal science, thermal research and development, and the latest 
market trends in thermal materials, products and systems. 

www.thermalnews.com/conferences/ 

Thermal Management 2014, August 6-7, 2014 in Denver, CO

CWIEME Berlin, the world’s largest and most comprehensive event in 
the coil winding, insulation and electrical manufacturing industry, re-
turns this summer with a greater and more engaging offer to visitors.

On the 24-25th June 
over 7,000 engi-
neers, designers, 
buyers and academ-
ics from around the 
world will descend 
on the Messe Berlin 
in Germany for 
CWIEME Berlin 2014 
– the largest annual 
meeting place for the 

global coil winding, insulation and electrical manufacturing community. 
The three-day event, held in Germany’s buzzing capital, will feature 
some 750 suppliers from over 40 countries – including top names 
ABB, Alstom, Euro Tanciatura, Hidria, Voestalpine and Von Roll – 
displaying the latest coils, electric motors, electromagnetic insulation 
materials, transformers and repairs solutions.
Now in its 18th year, CWIEME Berlin 2014 is set to be bigger and bet-
ter than ever before, not least because of the wide range of products 
on show. 
“CWIEME Berlin is not just an opportunity to source new products 
and suppliers, but to network, keep an eye on the competition – and 
learn about all the latest trends and technical advances,” says Chloe 
Theobald, content manager for CWIEME Berlin. “We have a fantastic 
seminar programme lined up for our guests this year, covering a wide 
range of topics across the three days.” 

Learn something new
At CWIEME Central, the main seminar hub, visitors will benefi t from 
technical presentations and panel discussions on topics such as:

• revenues, regulation and market opportunities for the LV and MV 
motor industries.

• wireless power transfer and inductive charging design for in-
creased e-mobility.

• advances in OIP bushings for improved safety in HVDC equip-
ment.

• REACH and the ‘Greening’ of technology debate.
• climatic resilience and risk mitigation for off-shore wind transform-

ers.
• breakthroughs in nanoscience discoveries of new magnetic 

materials.
Speakers will include top industry experts:

• Professor Ivan Schuller, Director of the Center for Advanced Na-
noscience (CAN) at the University of California-San Diego

• Paulo Cardano, Senior Expert OIP Bushings, Alstom Grid
• Professor Martin Doppelbauer from the Karlsruhe Institute of 

Technology
• Dr. Rolf Winter, Managing Director (Electrical Winding & Insulation 

Systems Division) at ZVEI
• Dr Faical Turki, Head of R & D, Paul Vahle GmBH

Meanwhile, CWIEME Berlin’s Machinery Trail will provide regular live 
product presentations and machinery demonstrations across a wide 
variety of exhibitor stands, allowing visitors to see the latest technol-
ogy in action. To register for your free visitor’s entry pass visit:
 www.coilwindingexpo.com/berlin

CWIEME Returns to Berlin for the 18th Year Running 

Available from stock
Free samples within 24 hrs
Design kits with free refills
Software tools for product selection
On-site Design-In consultations
IC reference designs

No “next generation” issues!

                              LARGE andPOWERFUL

Our Power Inductor family from

small and filigree to

www.we-online.com PCIM Europe hall 7 stand 419

http://www.coilwindingexpo.com/berlin
http://www.thermalnews.com/conferences/
http://www.we-online.com
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APEC 2015 continues the long-standing tradition of addressing issues 
of immediate and long-term interest to the practicing power electronic 
engineer. For more information visit our website or view the full Call 
for Papers. Deadline for digest submission is July 7, 2014 
Notifi cation that a submission was accepted or declined will be 
emailed no later than October 6, 2014. 

Final submission and registration will be accepted no later than No-
vember 17, 2014. At APEC 2015, the technical sessions will be given 
on March 17 - 19, 2015 
Upload your submission online at no later than Monday, July 7, 2014 
to: http://www.epapers.org/apec2015

APEC 2015 Call for Papers Open

Infi neon is beginning to reap the fruits of 
300-millimeter thin-wafer technology for 
power semiconductors, enabling it to achieve 
growth with a substantially lower level of 
capital employed compared with 200-mil-
limeter wafers. The level of investments 
required to increase manufacturing capaci-
ties for power semiconductors in order to 
achieve the targeted growth rate is therefore 
decreasing.
Infi neon is also in the early stages of a 
growth curve for products manufactured 
using standard-CMOS-based technologies 

with 65-nanometer and lower process struc-
tures. Unlike with power semiconductors, 
these technologies do not entail any major 
differentiating features from a manufacturing 
perspective and, as a result, Infi neon intends 
to outsource the relevant production volumes 
to contract manufacturers, thus obviating the 
need in future to invest in in-house facilities 
to process these wafers.
The Company intends to allocate a greater 
share of backend manufacturing to subcon-
tractors for those package types that offer no 
meaningful differentiation. Similarly, unlike 

in-house production, this will not involve any 
investment.
Great strides have been made over the 
course of the 2014 fi scal year to date to 
improve both current and future productiv-
ity by means of a whole raft of measures 
implemented in conjunction with a dedicated 
productivity improvement program. This en-
ables higher production volumes for a given 
amount of capital investment.

www.infineon.com

Reap the Fruits of its Development of 300 Millimeter Technology

Würth Elektronik eiSos has already been a 
member of the Wireless Power Consortium 
(WPC) for two years. The company has now 
upgraded its membership to become a full 
member. 
The WPC is behind the development 
and maintenance of the QI standard, a 
standardised protocol for wireless power 
transfer. The consortium brings together 210 
technology companies from all over the world 
to work on a pioneering charging technol-
ogy.  The QI standard has become the most 
successful wireless power standard on the 
market.
Würth Elektronik eiSos is part of this innova-
tive and global network, made up of manu-

facturers of components and user devices as 
well as network operators, and was one of 
the fi rst component manufacturers to develop 
coils both for transmitters and for receivers. 
Full membership will help the company con-
solidate its leadership in the fi eld of induc-
tive component solutions for wireless power 

transfer and it hopes to be able to strengthen 
its position still further. The company’s objec-
tive is also to continue developing Qi compli-
ant solutions.
Würth Elektronik eiSos already supplies a 
wide range of Qi standard transmitter and 
receiver coils.
For Würth Elektronik eiSos, wireless power 
transfer is one of the future trends in the 
electronics industry. “Our aim is to position 
ourselves in the wireless power market, 
which has strong growth potential, so that we 
can develop our lead over the competition,” 
said Opitz.

www.we-online.com

Full Member of the Wireless Power Consortium

Amantys has announced the successful implementation of its Aman-
tys Power Insight communications protocol over Avago’s (NASDAQ: 
AVGO) 50MBd Versatile Link transmitters and receivers. 
Avago, the leading supplier of industrial fi bre optic solutions, is work-
ing with Amantys to bring improved system information to its custom-
ers. As part of this cooperation Avago will develop a Versatile Link 
solution that benefi ts from the Amantys Power Insight capability.
Commenting on the announcement, Amantys CEO Erwin Wolf said: 
“This announcement endorses our strategy to develop solutions for 
intelligent control to power electronics systems. Our customers widely 
use Avago fi bre optics in their systems so this development is of 
signifi cant benefi t to both companies.”
Martin Weigert, Vice President and General Manager for Industrial 
Fibre Products at Avago, added, “We are delighted with the rapid 
progress we’ve made since Avago engaged with Amantys last year 
and this announcement marks the fi rst results of our partnership.”

The development of Insight is being driven to bring more intelligence 
into the power switching process. Armed with information harvested 
from the heart of the power switching system via Insight developers 
have the exciting prospect of being able to make use of it in their con-
trol plane to adapt their system during operation to achieve improved 
performance, availability and product life.  
Amantys Power Insight provides several important capabilities includ-
ing: 
Monitoring of key system parameters at the IGBT switch during sys-
tem operation
Reporting back detailed fault codes which help the system operator 
understand the nature of problems in the switch

www.amantys.com

Amantys and Avago Technologies Extend Collaboration in Power Electronics

http://www.epapers.org/apec2015
http://www.infineon.com
http://www.amantys.com


www.opal-rt.com

Leading developer of open real-time digital simulators 
and hardware-in-the-loop testing equipment  for  

electrical, electro-mechanical and power electronic systems

OPAL-RT’s core software, RT-LAB, enables users to rapidly develop models suitable

for real-time Simulation. OPAL-RT develops mathematical solvers and models specialized 

for accurate simulation of power electronic systems and electrical grids. They are integrated 

with advanced field programmable gate array (FPGA) I/O and processing boards to form

complete solutions for RCP and HIL testing. OPAL-RT software along with validation 

and test benches are used by engineers and researchers at leading manufacturers, utilities, 

universities and research centres around the world.

http://www.opal-rt.com
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BLUE PRODUCT OF THE MONTH

ChiP-based Bus Converter 
Moduls Provide Breakthrough Power 
Density of 2750 W/in3, Supplying up to 

1.75 kW with 98% Peak Effi ciency
Vicor Corporation (NASDAQ: VICR) announced the newest entries 
in its portfolio of isolated bus converter modules (BCMs®) based on 
the company’s award-winning Converter housed in Package (ChiP) 
power component platform. Supplying up to 1.75 kW at 50 V with 
98% peak effi ciency and power density of 2750 W/in3, Vicor’s new 
ChiP BCM fi xed-ratio power converters deliver 5X the power density 
of competing solutions, further extending the company’s power perfor-
mance leadership in this product category.

Vicor has also introduced new digital telemetry and control capabili-
ties for its ChiP BCM portfolio, available as an option for the new 
1.75 kW modules and previously announced 1.2 kW modules. This 
PMBus™ compliant digital interface option gives system designers 
access to the ChiP BCM’s internal controller, enabling digital com-
munication with an array of ChiP BCMs via a single bus for control, 
confi guration, monitoring and other telemetry functions.  

Vicor’s ChiP BCMs’ power performance profi le is made possible 
by the underlying ZCS/ZVS Sine Amplitude Converter™ topology. 
Operating at megahertz switching frequency, ChiP BCMs enable fast 
response time and low noise operation at industry leading effi ciencies. 
High fi xed frequency operation also simplifi es and reduces the size of 
external fi lter designs, yielding additional cost savings and accelerat-
ing time to market.

The new ETSI and ITU compliant 1.75 kW modules support a nominal 
input voltage of 400 V and nominal output voltage of 50 V, with a 
K-factor of 1/8. Vicor’s 1.2 kW and new 1.75 kW BCMs are offered 
in the 6123 package. Standard BCM features include bidirectional 
operation, under-over-voltage lockout, over-current, short circuit and 
over-temperature protection.

“With the introduction of our newest ChiP BCMs, we’ve again raised 
the bar for bus converter power density while introducing new digital 
communication functionality for customers seeking fl exible control and 

monitoring capabilities,” said Stephen Oliver, VP of VI Chip product 
line, Vicor. “These features extend the value and versatility of the 
ChiP BCM product family, enabling power engineers to achieve new 
levels of system power performance for high voltage DC distribution in 
datacenter, telecom and industrial applications.”

Converter housed in Package (ChiP) Platform
Vicor’s ChiP platform sets best-in-class standards for a new genera-
tion of scalable power modules. Leveraging advanced magnetic 
structures integrated within high density interconnect (HDI) substrates 
with power semiconductors and control ASICs, ChiP-based power 
modules provide superior thermal management supporting unprec-
edented power density. Thermally adept ChiP-based modules enable 
customers to achieve low cost power systems with previously unat-
tainable system size, weight and effi ciency attributes, quickly and pre-
dictably. The ChiP platform embodies a modular power system design 
methodology that enables designers to achieve high-performance, 
cost-effective power systems from AC or DC sources to the Point of 
Load using proven building blocks.

Pricing and Availability
Vicor’s 1.75 kW ChiP BCMs and 1.2 kW ChiP BCMs are available 
today – pricing for OEM quantities is $170.00 and $120.00 respec-
tively. The digital telemetry and control options are priced separately. 
Visit the website for more information. To order, email custserv@
vicorpower.com or call 00 800 8426 7000.

About Vicor Corporation
Headquartered in Andover, Massachusetts, Vicor Corporation de-
signs, manufactures and markets innovative, high-performance modu-
lar power components, from bricks to semiconductor-centric solutions, 
to enable customers to effi ciently convert and manage power from the 
wall plug to the point of load. Complementing an extensive portfolio of 
patented innovations in power conversion and power distribution with 
signifi cant application development expertise, Vicor offers compre-
hensive product lines addressing a broad range of power conversion 
and management requirements across all power distribution architec-
tures, including CPA, DPA, IBA, FPA™ and CBA. Vicor focuses on 
solutions for performance-critical applications in the following markets: 
enterprise and high performance computing, telecommunications and 
network infrastructure, industrial equipment and automation, vehicles 
and transportation and aerospace and defense electronics.  

Vicor, BCM, Sine Amplitude Converter, VI Chip and FPA are trade-
marks of Vicor Corporation. The PMBus name and logo are trade-
marks of SMIF, Inc.

www.vicorpower.com

http://www.vicorpower.com


Representatives

www.allegromicro.com/camp1201

ALLREM
94616 Rungis Cedex, FRANCE
Tel: +33 (0) 1 56 70 03 80
E-mail: info@allrem.com

SSG Semiconductor Systems GmbH
D79856 Hinterzarten, GERMANY
Tel: +49 (0) 7652-91060
Website: www.ssg-de.com
E-mail: mail@ssg-de.com

Consystem S.r.l.
I-20144 Milano, ITALY
Tel: +39 02 4241471
Website: www.consystem.it
E-mail: support@consystem.it

MSM Ltd.
Weybridge Surrey, KT13 0RZ
United Kingdom
Tel: +44 (0) 1932 341106
E-mail: msm@intonet.co.uk

Innovative Current Sensor ICs with Integrated
Conductors and Galvanic Isolation

Small Form Factor, High Bandwidth Hall-Effect Sensor IC Solutions
Allegro has developed a line of high bandwidth fully integrated Hall-effect current sensor ICs and Hall-effect linear ICs
that provide highly accurate, low noise output voltage signals that are proportional to an applied AC or DC current.

Sensor configurations are available for sensing current in the range of 5 A to 200 A in the fully
integrated packages and up to 2000 A using a linear Hall IC in a core configuration.

Advanced circuitry and packaging combine to provide improved performance that allow design engineers to easily integrate
Hall-effect based current sensor ICs in applications where increased energy efficiency or new operating features are required.

Wherever current sensing is needed, an Allegro sensor IC can provide a solution.

VCC
VOUT

FILTER
GROUND

4.9mm

Current In

Current Out

Sensor IC

Hall Element

Current Conductor

Hall Element

10.0mm

Current In

Current Out

Concentrator

Sensor IC

VCC
GND

VOUT

Small form factor, low profile packages
100 μΩ and 1 mΩ internal conductor resistance
4.8 kVrms, 60 second voltage isolation
>120 kHz analog output bandwidth
2 μs FAULT output for IGBT protection
Output error typically +/- 1%
Electrostatic shield provides dV/dt immunity

1 mm thin KT package provides maximum coupling
Highly programmable gain and 0 Amp offset
Programmable gain temperature coefficient
Programmable unipolar or bipolar output
120 kHz bandwidth

Motor / pump / compressor control
Power supply control

Inverters in alternative energy systems Hybrid electric vehicle power systems
Key Applications

5 to 40 A 50 to 200 A >200 A

http://www.allegromicro.com/camp1201
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Being an electrical engineer, I still have a 
lot of interest in technological details even 
though I have been working as a compo-
nents-focused technical journalist now for 
more than 25 years. During my numerous 
conversations with engineers and managers 
in the industrial and automotive environment, 
I realized that we need to actively encourage 
pupils/students to become engineers. I think 
we must unleash a storm of enthusiasm for 
engineering already at a quite early stage, 
in the middle of puberty, when the young 
people tend to go to their room in order to 
relax and read. 

Therefore, I decided to team up with two 
other journalists (Ingolf Seifert and Dr. Henry 
Wojcik) in order to encourage the young 
people to start an engineering career. How 
do we do this? We start in their daily lives 
and tell them about the inner life of their 
daily companions like smartphones, tablet 
PCs etc. However, we do not do this on an 
academic level, we write it in a way that they 
can catch up with and we illustrate it with 
individually designed 3D graphics, anima-
tions and videos. You can get a glimpse at 
it by looking at http://www.mikrochip-abc.
com/so-funktioniert-ein-transistor.html even 
though this is a very early illustration, which 
is still in German. 

Ingolf and Henry already wrote a book (in 
German) about how a chip is made, the 
so-called Nanoscout, which was donated 
to high schools in the Silicon Saxony area 
around Dresden/Germany, and they received 
excellent feedback. My part is to contribute 
to the chapters about applications of semi-
conductors in automotive, industrial, traction, 
windpower etc. 

May be electrical vehicles (EVs) will be a 
very attractive means of transporting informa-
tion about how an inverter (in both directions) 
works and how important power semiconduc-
tors are for smooth and safe operation of the 
car. The goal is to describe lively how the 
system works without ever talking about di/dt 
or dφ/dt and (almost) without any diagrams. 
As the traction system is more than just the 
inverter this chapter will enable me to write 
about heat sinks, cooling, electromagnetic 
compatibility and a few other fascinating 
aspects of the power semiconductor world.

Even though my heart beats intensively for 
analog and power solutions the EV also 
needs control, which will allow me to write 
about microcontrollers, memories and other 
digital components as well. However, this 

example will clearly show that even the best 
digital circuits will not be able to drive high 
loads – neither in cars nor in trains nor in 
industrial applications. 

This new book named Mikrochip ABC is 
scheduled to be available in German by the 
end of this year and is supervised by several 
supporting companies (just check out the 
company logos at microchip-abc.com, but 
the list is still open) including the ZVEI, the 
German electronics industry association. 
Like the Nanoscout the book will be given 
free of charge to German high schools deter-
mined by the supporting companies. Once 
pupils/students will read the German book, 
we will start creating an English version 
because we already have several requests 
from all over Europe.

So if you have any ideas about how to very 
simply describe technical aspects at pupils/
students level that you’d like to share you 
may happily mail ideas, drafts and other 
inputs to me at: 

mikrochip-abc@avollmer.com.  And, of 
course, if your marketing guys consider this 
project to be interesting they can also contact 
me. 

Finally yet importantly, I would like to em-
phasize an angle that is unfortunately quite 
often neglected. When it comes to engineer-
ing, we tend to forget addressing 50 % of 
the potential future engineers. As we cannot 
afford to neglect 50 % of the potential future 
workforce, we must address both female and 
male future engineers.

Here is the project contact for Alfred Vollmer: 
mikrochip-abc@avollmer.com 

GUEST EDITORIAL

Tomorrow’s Power Engineers
By Alfred Vollmer, corresponding editor, Bodo´s Power systems
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SEMICONDUCTORS 
For 10 years, sensors 
and actuators have 
been the semiconduc-
tor industry’s fastest 
growing market 
segment. However, 
in 2013, this normally 
vibrant category 
showed nearly no 
sales increase in the 
year, so IC Insights. 

The sensors/actuators market was fl at-
tened last year by slow unit growth and price 
erosion in its two largest sensor product 
categories—accelerometers/gyroscopes and 
magnetic-fi eld sensors—as well as ongoing 
weakness in actuators. Inventory corrections 
in some cellphone 

segments, falling average selling prices, 
and delays of purchases by cautious system 
makers caused the sensors/actuators busi-
ness to stall out in 2013 with total revenues 
increasing just 0.3 percent to slightly more 
than $ 8.7 billion, but a new wave of stronger 
growth is expected to begin in 2014. World-
wide sales of sensors and actuators are 
forecast to grow 14 percent to a new all-time 
high of $ 9.9 billion in 2014, followed by a 
16 percent increase in 2015 to $ 11.4 billion. 

Worldwide semiconductor capital equipment 
spending totaled $ 33.8 billion in 2013, an 
11.5 percent decline from 2012, so Gart-
ner. Wafer-level manufacturing equipment 
demand performed above the market with 
strength in lithography and associated pro-
cesses, while back-end manufacturing seg-
ments fared signifi cantly worse than average. 
The top fi ve vendors command nearly 57 
percent of the total market, up 5 points from 
the prior year. Applied Materials held onto 
the No. 1 spot based on its relative strength 
in deposition and etch. Relative strength in 
lithography helped ASML to retain the 
No. 2 position. Lam Research moved into 
the No. 3 spot due to its strong performance 
in etch and deposition. TEL was impacted 
by the signifi cant decline in the yen-to-dollar 
exchange rate, as well as an unfavorable 
customer buying pattern.

PASSIVE COMPONENTS 
Germany’s PCB market posted a 4.4 percent 
growth in February compared to the same 
period last year, so the Zvei. Cumulative 
growth for the fi rst two months of the year 
went up by 5.6 percent from last year. 
Order intake rose by 20.2 percent YoY--the 
second highest order intake rate for the past 
30 months (next to January’s 32.4 percent 
YoY growth). Book-to-Bill ratio meanwhile 
reached 1.13. 
The number of employees grew by 
2.4 percent. 

OTHER COMPONENTS 
Advanced Energy Industries (AEIS), a 
US-based supplier of power and control tech-
nologies for high-growth, thinfi lm manufactur-
ing and solar-power generation, has acquired 
HiTek Power Group, a privately-held provider 
of high voltage power solutions. Based in the 
United Kingdom and founded in 1972, HiTek 
offers a comprehensive portfolio of high volt-
age and custom built power conversion prod-
ucts ranging from 100V to 500kV designed to 
meet the demanding requirements of OEMs 
worldwide. These products target applica-
tions including semiconductor wafer process-
ing and metrology, scientifi c instrumentation, 
mass spectrometry, industrial printing, and 
analytical x-ray systems. 

EMS PROVIDERS 
Manufacturing Market Insider, a newsletter 
specializing in the electronics manufacturing 
services industry, has released its annual 
MMI Top 50 list of the world’s largest EMS 
providers. In 2013, Top 50 sales reached 
a new high of $ 254.3 billion. Top 50 sales 
grew by 1.9 percent last year, not surprising 
given less-than-expected growth in world 
markets and caution among OEMs. To qual-
ify for the 2013 list, EMS providers needed a 
minimum of $ 239 M in sales, compared with 
the prior year’s cutoff of $ 210 M. In order, 
the top ten were Hon Hai, Pegatron, Flex-
tronics, Jabil, New Kinpo Group, Sanmina, 
Celestica, Benchmark Electronics, Shenzhen 
Kaifa Technology and Universal Scientifi c 
Industrial. A top-ten ranking required
$ 2.30 billion in revenue, up from $ 2.11 
billion in 2012. The Top 50 list includes 11 
Europeans : Zollner Elektronik Group --Ger-
many (13), Asteelfl ash --France (19), Enics 
-- Switzerland (24), éolane--France (25), 

Videoton Holding --Hungary (28), Neways 
Electronics International --The Netherlands 
(35), PartnerTech --Sweden (38), Kitron 
--Norway (40), Selcom Elettronica --Italy (43), 
Scanfi l EMS --Finland (47), Lacroix Electron-
ics --France (49). 

Neways Electronics has signed a letter of 
intent to acquire BuS Group, a German EMS 
provider headquartered in Riesa. BuS Group 
has a total staff of approximately 900, includ-
ing 50 developers and records annualized 
sales of around € 106 M. The intended acqui-
sition fi ts Neways’ strategy and signifi cantly 
strengthens its footprint in the German EMS 
market. BuS Group consists of two operating 
companies in Germany (Riesa and Erfurt) 
and one operating company in the Czech 
Republic (Decin). BuS Group’s customers 
are mainly found in the automotive industry 
but also in industrial electronics, medical 
technology, railway and air traffi c. Neways 
has operating companies in the Netherlands, 
Germany, Slovakia and China, with a total of 
around 1,909 employees in 2013. In 2013, 
Neways booked net turnover of € 265.0 M. 

DISTRIBUTION 
TE Connectivity, a world leader in connectiv-
ity, announced a strategic engagement with 
TTI Europe, the specialist distributor of pas-
sive, connector, electromechanical and dis-
crete components. The engagement is part 
of the TE Industrial business unit strategy to 
provide customers with improved service lev-
els, while extending the geographic reach of 
its products. As a result of the engagement, 
TE’s Industrial business unit will achieve 
greater coverage and focus in the EMEA 
market, with customers now able to leverage 
TTI’s broad and deep stock and design-in 
support of TE Industrial products. Addition-
ally, customers will benefi t from extensive 
pre-provisioned inventory with low Minimum 
Order Quantity (MOQ) conditions on select 
product programs. 

This is the comprehensive power related ex-
tract from the «Electronics Industry Digest», 
the successor of The Lennox Report. For a 
full subscription of the report contact: 
eid@europartners.eu.com 
or by fax 44/1494 563503.

www.europartners.eu.com

ELECTRONICS INDUSTRY DIGEST 
By Aubrey Dunford, Europartners

MARKET

http://www.europartners.eu.com
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34-PIN DIP STYLE PACKAGE DF

Footprint 55.8mm X 41.4mm

Power Amplifier Self Pr
With Over Current Shut 

THE NEW MP118FD IS ALSO THERMALLY 
EFFICIENT BY DECREASING QUIESCENT 
POWER DISSIPATION – A LOW 26mA 

The MP118FD power operational amplifier is a next generation 

product design targeting industrial piezo drive applications. This 

open frame design integrates several new layers of onboard circuit 

protection safe guards. In addition to temperature shut down and

external shut down, the device provides a new twist that replaces 

the more common over current limit functionality with the ability to 

completely shut down its output drivers when put into an over cur-

rent situation. This will protect the power amplifier from over stress 

due to excessive current and unsafe power dissipation. Onboard 

temperature monitoring circuitry, also new, enables the MP118FD to 

shut down the system before any permanent damage can occur. The

MP118FD is compatible with supplies up to 200V and is capable of 

10A of continuous output current, or 12A PEAK. 
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Darnell Energy Summit 
will Feature Smart Materials

By Richard Ruiz, Research Analyst

With over 50 companies and organizations represented on the 
combined Advisory Committee, momentum is rapidly building for the 
second-annual Darnell’s Energy Summit (DES ’14) to be hosted in 
Richmond, Virginia, 23-25 September. DES ’14 will be a combined 
event featuring the Eleventh Darnell Power Forum (DPF ‘14) plus the 
Sixth Green Building Power Forum (GBPF ‘14) plus the Fifth Smart 
Grid Electronics Forum (SGEF ‘14). DES ‘14 will feature the next-gen-
eration power electronic devices, architectures and systems. A key 
focus of DES ’14 will be broad and growing impact of Smart Materials 
on energy effi ciency and power conversion.

Smart materials include numerous leading-edge technologies such 
as MEMS, piezoelectrics, thermoelectrics, advanced semiconductor 
materials such as GaN, SiC and GaAs, new magnetic materials, and 
so on. They will fi nd application in all areas of power conversion and 
energy management including; power converters, energy harvesting, 
energy storage, sensors, power switching, wireless power transfer, 
thermal management, actuators/controls, and more. DES ’14 will in-
clude the most in-depth discussion ever of these new Smart Materials 
and their impact on power conversion and energy management. 

“Groundbreaking research and development of smart materials has 
resulted in Virginia Commonwealth University (VCU) and Richmond 
being selected as the site for DES ’14,” stated Jeff Shepard, President 
of Darnell Group.

“This prestigious event is coming to Richmond entirely because of 
Virginia’s global leadership in what are called ‘high deformation’ smart 
materials, which experts in the fi eld believe hold a multi-billion dollar 
economic opportunity,” stated VCU School of Engineering Dean 
Barbara D. Boyan, Ph.D.

Gary Tepper, Ph.D., Chair of VCU’s Department of Mechanical and 
Nuclear Engineering, said: “Public and private entities in Virginia 
have spent more than 15 years developing these technologies. The 
organizers of the Energy Summit recognize these remarkable smart 
materials are ready to be used in hundreds of products and deserve 
the attention of the international power electronics industry.”

VCU’s Smart Materials Laboratory has been at the forefront of the 
research of high-deformation smart materials, which are wafers the 
size of a playing card or smaller that generate electricity when they 
are fl exed or vibrated.

“At fi rst, this technology was years ahead of the market – but now the 
market has caught up,” said Karla Mossi, Ph.D., director of the Smart 
Materials Lab. “The opportunity is right in front of us. But, we must 
move quickly.”

“High-deformation smart materials will revolutionize the way materials 
affect our everyday life,” Mossi said. “These devices are more power-
ful, more rugged and they can be much less expensive than competi-
tive technologies. These big advantages set this technology apart 

and, most importantly, can bridge the gap between research and the 
development of new products.”

The materials can bring to reality a wide range of applications, includ-
ing products that are self-powered and no longer need batteries, 
which means lower cost and less environmental waste, and also sen-
sors and actuators with important medical applications, she noted.

According to Mossi, “NASA’s Langley Research Center in Hampton 
was the original inventor of high deformation smart materials in the 
1990s. The Face Companies of Norfolk have worked since then to 
make these materials commercially viable, and Virginia’s Common-
wealth Center for Advanced Manufacturing can play an important role 
in accelerating their adoption across multiple markets.”

Robert Klenke, Ph.D., Chair of Electrical and Computer Engineering 
at VCU, said: “With the introduction of distributed, renewable energy 
sources, new demand profi les from such things as electric vehicles, 
the aging of the power grid, and the push towards energy conserva-
tion through demand management, advances in smart grids and as-
sociated technology are critically needed. The School of Engineering 
is developing new capabilities in these areas, including a microgrid 
installed by Dominion Voltage, Inc. in our Engineering West Building.”

“We are excited about the opportunity to work with VCU to host DES 
’14,” stated Jeff Shepard, President of Darnell Group. “The technolo-
gies available at VCU can fi nd immediate practical applications in 
power conversion and energy management and range from thermal 
management, to energy harvesting, to actuators, and more. Add to 
that the depth of experience the VCU technical team has with mi-
crogrid operation in a real-world environment and it becomes obvious 
the breadth of technical content that will be brought to DES delegates 
as a result of this sponsorship.”  

Of course, GaN, SiC, GaAs and other advanced semiconductor ma-
terials are well-known as smart materials for next-generation power 
converters. Silicon MOSFETs, IGBTs, Schottkys, and other devices 
are under ‘attack’ by these advanced semiconductor devices.  The 
DPF component at DES will include extensive discussion of new 
power semiconductor materials and devices.

Piezoelectric materials have been introduced that support multiple ap-
plications such as harvesting of mechanical energy and vibrations and 
the fabrication of powerful actuators that can open/close valves and 
perform other critical functions. And synthetic jets can be produced 
that provide high-velocity streams of air for spot cooling and other 
thermal management needs.

Synthetic jets based on smart materials could provide a thermal 
management breakthrough for next-generation systems. With a piezo-
electric diaphragm driven up and down hundreds of times per second 
by an ac power source, a synthetic jet pulls in the surrounding air (or 
other fl uid) into a chamber and then expels it.
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When used with air as the working fl uid, a 
synthetic jet can provide a highly-targeted 
and high-velocity fl ow of cooling air. Syn-
thetic jets made using advanced piezoelec-
tric composite materials can be very thin 
(fractions of an inch) and extremely rugged. 
Although the mechanism is fairly simple, 
extremely fast cycling can require high-level 
engineering to produce a device that will last 
in industrial applications.

Nonmagnetic transformers are another area 
of emerging smart materials technology. One 
example is the piezoelectric transformer (PT) 
called the Transoner. These electrical energy 
transmission devices are electromechanical, 
not electromagnetic. Transoners are useful 
in applications involving power conversion, 
power switching, and wide band signal 
processing.

MEMS devices have begun appearing for 
a diverse range of applications such as 
energy harvesting and power switching. For 
example, arc-free switching of hundreds of 
volts has been demonstrated using a MEMS 
switching device. The resulting arrays are 
able to conduct current more effi ciently and 
can open orders of magnitude faster than tra-
ditional macroscopic mechanical relays. The 
prototype system has been used to turn on 
and off a 3/4-hp motor and, more importantly, 
to provide arc-less protection in a test simu-
lating a 16,000A fault current. Applications 
envisioned for this highly-scalable technology 
range from mobile phone handsets to grid-
connected appliances.

Thermoelectrics are fi nding broad application 
from the generation of milliWatts of power for 
sensor nodes to ever larger power systems, 
such as the Multi-Mission Radioisotope 
Thermoelectric Generator that provides over 
100W of power to the Mars Curiosity rover. 
And Peltier cooling devices have been de-
veloped for a wide range of applications from 
precision cooling of solid-state lasers to spot 
cooling for LED lighting fi xtures.

Separate calls for papers have been issued 
for each of the constituent events. Each of 
the individual events will maintain its unique 
identity and will continue to serve different 
groups of stakeholders. These co-located 
events will bring together thought leaders 

across the areas of advanced power elec-
tronics, energy management, micro grids, 
the smart gird, and related topics of global 
importance. DES ’14 will leverage the suc-
cessful track records of the separate events 
to create powerful opportunities for synergy.

DPF ‘14 will again be an exciting internation-
al event that focuses on “advanced power 
conversion technologies” needed for the 
successful development of next-generation 
power systems. There is tremendous syner-
gy possible from discussions broadly focused 
on digital power, power management, energy 
effi ciency, advanced components, energy 
storage, new power architectures, and more. 
DPF is a solutions-oriented event, with a 
strong emphasis on practical advances in 
power electronics. In addition to a strong 
focus on today’s “best practices,” DPF looks 
forward toward next-generation solutions and 
advances. http://energysummit.darnell.com/
DPFcall.php

GBPF ‘14 will consider all aspects of building 
power including high-voltage and low-voltage 
dc distribution, hybrid ac and dc distribu-
tion architectures, and dc micro grids. A 
convergence of technologies is occurring 
that will change how buildings are powered. 
These technologies include the continued 
rapid growth of distributed generation (DG) 
resources; the emergence of high-effi ciency 
lighting technologies; wireless building auto-
mation systems; demand-side management 
of building energy use by electric utilities; 
and more. http://energysummit.darnell.com/
GBPcall.php

Control, Communications and Security will 
be three of the major themes of SGEF ‘14. 
The successful deployment of the smart grid 
will be dependent on numerous technology 
and standards developments for electronic 
equipment. For the smart grid to have ben-
efi ts, it must be able to reliably communicate 
to the downstream loads and also be able to 
turn these loads on/off or turn them up/down 
as appropriate. http://energysummit.darnell.
com/SGEcall.php
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The Key Take Aways
• Gallium nitride (GaN) and silicon carbide (SiC) will displace silicon 

(Si) in power conversion due to higher performance and lower cost.
• GaN and SiC will service different segments of the market. GaN will 

take over consumer, telecom, and computer applications, while SiC 
will be most prominent in industrial applications that require higher 
voltages and current.

• Manufacturing costs of GaN and SiC will come down in the next 
three years. The cost of GaN devices is dominated by growing a 
thin layer of the crystal on top of a standard silicon wafer. The cost 
of SiC devices is dominated by growing the SiC crystal in a bulk 
ingot.

GaN and SiC both start with a large fundamental advantage over 
silicon in the power conversion market. The devices can be made 
much, much smaller in size for the same relative voltage and current 
handling capability. This reduction in size is due to the higher bonding 
energy of the atoms in the crystal – thus they are called wide band 
gap semiconductors. In the case of GaN, the crystals also have a 
higher mobility of electrons. The relative theoretical performance of 
these three crystals can be seen in fi gure 1, where the vertical axis 
shows the relative size of the device and the horizontal axis shows 
the device’s ability to block voltage. As the voltage increases, so does 
the relative die size for Si, GaN or SiC. But, at all voltages SiC and 
GaN devices can be several orders of magnitude smaller than silicon! 

On the market today there are GaN and SiC transistors that are 5-10 
times superior to the theoretical limit of silicon, and with the antici-
pated technological progress, following a “Moore’s Law” rate, much 
higher performance is expected from GaN and SiC over the next few 
years. 

With superior performance, the remaining questions are: (a) what are 
the relative advantages and disadvantages of GaN and SiC, and (b) 
why haven’t GaN and SiC devices already replaced Si?

 Relative Advantages: GaN vs. SiC
The initial successes of GaN and SiC over Si have been at opposite 
ends of the voltage spectrum. GaN has made inroads in applications 
requiring 600 V and below, while SiC has made inroads in applica-
tions requiring 1200 V and above. The reason for this split is two-fold: 
speed and cost. 

GaN devices are not only smaller than Si power MOSFETs (the 
dominant type of silicon transistor at voltages below 600 V), but also 
much faster. The speed of GaN stems from (a) the size advantage – 
electrons do not have to travel as far in a smaller device, and (b) the 
higher mobility of electrons in a GaN crystal – electrons can move 
more quickly. Power conversion applications at voltages of 600 V and 
below become much more effi cient when devices can switch faster. 
For this reason there is a premium market that forms the pool of “early 
adopters” for GaN transistors. 

SiC transistors are fi nding success at higher voltages primarily due to 
their size advantage. Today, a very high voltage SiC device (1200 V 
or higher) can be an order of magnitude smaller than a Si IGBT, cur-
rently the dominant type of silicon transistor at these voltages. 
This size advantage makes a signifi cant difference in industrial appli-
cations such as UPS systems, motor drives, and high voltage DC-DC 
transmission. 

The advantage of GaN over SiC at lower voltages comes from the 
differences in the respective manufacturing technologies used today. 
The most cost effective way to manufacture a GaN transistor is to 
grow a thin epitaxial layer of the crystal on top of a silicon wafer. This 
wafer can then be processed into active transistors in a standard sili-
con CMOS foundry at a very low cost. Furthermore, low voltage GaN 
transistors do not require the expensive and bulky, and performance-
degrading packages that are required for Si MOSFETs and SiC 
transistors. As a result, GaN transistors are extremely cost effective at 
lower voltages compared to both Si and SiC. 

The advantage of SiC over GaN at higher voltages comes from 
the structure of the device. At high voltages, the transistor is more 
effi cient when the current is conducted through the wafer. This type 

TECHNOLOGY DRIVING MARKETS

Technical Characteristics 
of GaN and SiC

By Alex Lidow Ph.D.; Efficient Power Conversation

Figure 1: Relative theoretical performance of 
GaN, Si, and SiC transistors. 
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of transistor is called a vertical device as 
compared with the low voltage GaN transis-
tor, which is called a lateral device. The 
vertical structure necessitates that the entire 
SiC wafer be made of a single crystal type. 
SiC crystals are much lower cost than GaN 
crystals today and thus enjoy an early adop-
tion lead in this market.

Elements of Manufacturing Cost
A technologically superior device that costs 
more to manufacture will enjoy success in 
niche markets that require the enhanced 
performance. In order to completely displace 
a technology a product needs both higher 
performance AND lower cost. The key ele-
ments of cost in manufacturing a transistor 
are (1) the starting material, (2) growing the 
epitaxial crystal (low voltage GaN and Si 
only), (3) wafer fabrication, and (4) the cost 
of packaging. Table1 compares GaN costs 
with Si power MOSFETs on the left, and SiC 
costs with IGBTs on the right. The compari-
son looks three years ahead to illustrate the 
evolution of cost components expected over 
that time. 

Both GaN and SiC enjoy the advantage 
of smaller device size compared with Si. 
In the case of GaN, this translates into an 
immediate advantage in the cost of starting 
materials, since the GaN transistor is grown 
on a standard silicon wafer. SiC, however, re-
quires a relatively expensive substrate, even 
taking its size advantage into account. Over 
the next few years the cost improvements in 
SiC crystal growth are expected to neutralize 
the advantages of Si IGBTs giving SiC a rela-
tive cost advantage at 1200 V and higher. 

Today, when comparing GaN transistors 
with MOSFETs, the epitaxial growth of GaN 
on the silicon wafer is the sole cost disad-
vantage. With advances in epitaxial growth 
equipment, however, this disadvantage is 
expected to equalize in the next few years, 
giving GaN a clear cost advantage over the 
aging MOSFET.

Displacement of Silicon in Power Conver-
sion
With both performance and cost advantages 
over their silicon counterparts, GaN and SiC 
will displace Si in their respective segments 
of the $12B power transistor market in the 
not-too-distant future.
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Power Modules for Electric 
and Hybrid Vehicles 

This article presents 2 new Mitsubishi Electric power module series for Electric Vehicle 
(EV) and Hybrid Electric Vehicle (HEV) power-train inverter and converter applications. 

By Mikio Ishihara, Mitsubishi Electric Corp. Power Device Works, Fukuoka, Japan 
and Seiichiro Inokuchi, Marco Honsberg and Eckhard Thal 

Mitsubishi Electric Europe B.V., Ratingen, Germany

  Introduction
The market for EV/HEV is growing by increasing global environment 
protection awareness. The power semiconductor module has become 
an important part to determine vehicle performance.  Having pio-
neered the fi rst mass production of dedicated automotive power semi-
conductor modules in 1997 already, the products of Mitsubishi Electric 
have been used in various mass-produced EV/HEV ever since. 

The evolution of EV/HEV has been remarkable in this time frame and 
the power semiconductor module has become the key part for EV/
HEV applications providing the required high performance, small size 
and light weight. In addition, a wide variety of EV and HEV covering 
various sizes and power requirements have been developed and 
power semiconductor modules were required with matching wide 
product line-up responding to these market requirements.

The J1-Series
Under these circumstances a family of new automotive power semi-
conductor modules “J1 Series” has been developed based on the 
concept of “high performance” and “compact size and light-weight” 
(Figure 1). 
The J1 series modules are using a 6-in-1 topology (see Figure 2). 

All IGBT-chips have integrated current sense emitters and integrated 
temperature sense diodes. 
The module ratings and package dimensions are given in Table 1. 
The excellent Vce(sat)-values are the result of using the latest CSTBT 
chip technology. 

Package structure
J1-Series modules are employing a built-in Aluminium cooling-fi n. A 
cross sectional drawing is  shown in Figure 3. 

The directly water cooled module base plate allows to eliminate the 
thermal contact resistance between module base plate and external 
heat sink that is unavoidable for inverter designs with conventional 
modules. In this way a remarkable reduction of total Rth(j-w) com-
pared to conventional designs is possible to achieve. For utilizing this 
benefi t a reliable water cooling system must be designed for fi tting the 
J1-module into the direct water cooling.  

Direct Lead Bonding
The new J1-Series is using a highly reliable Direct Lead Bonding 
(DLB) structure [3] instead of conventional Al wire-bonding (W/B) 
technology. The principle difference between both technologies can 
be seen in Figure 4.

U 
V 

W 

P 
N

Cooling fin 

Figure 1: External appearance of the J1-Series Power Module

Figure 2: J1-Series circuit diagram

 

Type name Ratings 
(Ic/Vces) 

Vce(sat) Typ. 
@Ic, 25°C  Package Size (mm) 

CT600CJ1A060 600A/650V 1.4V 120x115.2x31 
(6-in-1) CT400CJ1A090 400A/900V 1.7V 

Table 1: J1-Series Power Module Line-up

Figure 3: Internal structure of J1-Series

The J1-Series
First a new 6-in-1 IGBT module (“J1-series”) with integrated water cooled Al-fi n and Direct Lead Bond (DLB) structure is described [1]. 

Compared to conventional products, the adoption of these innovative technologies has led to an improved thermal performance of 30%, 
has reduced the cooling stack’s footprint by 40% and its weight by 76%. 
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The DLB structure provides increased chip surface contact area 
greatly improving the power module current carrying capability. Com-
pared to W/B packages, by utilizing the DLB structure, the package’s 
internal lead resistance and the parasitic internal package inductance 
can be reduced by more than 50% [4]. 

One further important advantage of the increased chip surface contact 
area is the uniform temperature distribution across the chip surface 
reducing the peak temperature value, and hence, resulting in lower 
stress for the emitter side chip contacting system. In other words, 
the DLB structure addresses the power-cycling stress issues usually 
encountered in conventional WB packages.

Compact cooling stack design
In comparison with more conventionally packaged products (J-Series 
T-PM [2], see Figure 5), the new J1-Series reduces the footprint of a 
3-phase cooling stack by 40% (Figure 6).

Despite the fact that aluminium cooling-fi ns have lower thermal con-
ductivity compared to copper 

cooling-fi n structures, this selection provides several advantages to 
EV/HEV applications. Among these advantages the most prominent 
one is durability when Aluminium is exposed directly to coolants and 
its light weight. As shown in Figure 7 and 8, as much as 76% weight 
reduction and 30% thermal performance improvement was achieved 
when comparing 6-in-1 power module inverter solutions. The two so-
lutions compared in Figure 7 are based on same module current and 
voltage ratings (600A/650V) for three-phase EV/HEV motor drives. 

Evaluation Kit
Since the package size is not differing for several voltage and cur-
rent classes, the test and evaluation of new J1-Series modules can 
be facilitated by a unique test environment that provides a DC-link 
capacitor, a simple and effi cient cooling system (water jacket) and an 
interface circuitry with dedicated ICs controlling the state-of-the-art 
chip technology comprising an on-chip-diode for temperature sensing 
as well as the proven mirror emitter technology to detect over current 
situations before the IGBT de-saturates naturally.

Figure 4: Conventional W/B vs. DLB structure

Figure 5: Cooling stack assembly with conventional 600A/650V J-
TPM modules

 
 

Figure 6: Cooling stack footprint of J1-Series and conventional J-TPM

Figure 7: Cooling stack weight comparison

Figure 8: Thermal 
resistance Rth(j-w) 
comparison
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The evaluation kit (gate drive board, DC-link capacitor, water jacket) is 
available for the evaluation of this new J1-Series IGBT module family 
(Figure 9 and 10). The comprised drive and protection circuit for short 
circuit (SC), over temperature (OT) and under voltage (UV) along with 
a switching mode power supply is optimized for the J1-Series. It is 
simply mounted on top of the J1-Series IGBT module and provides a 
comprehensive interface to a superimposed system control unit.

Experimental results
The new J1-Series’ power handling capability in conjunction with the 
performance of the thermal interface construction was experimen-
tally verifi ed under the following test conditions: main battery voltage 
= 350V; PWM switching frequency (fc) = 5kHz, 10kHz; coolant 

temperature (Tw) = 65°C; coolant fl ow-rate = 10 l/min. The proposed 
evaluation kit for J1-Series IGBT modules (Figure 9) has been used to 
carry out this investigation. Under these conditions the inverter output 
current can exceed 420Arms (corresponding to more than 80kW 
output power) at a maximum junction temperature of below 150°C as 
graphically presented in Figure 11.

J1-Series summary
A new series of automotive power semiconductor modules “J1-Series” 
has been developed to meet the requirements of the evolving EV/
HEV market. The J1-Series achieves high performance, compact size 
and light weight and contributes to the evolution of automotive inverter 
system by providing state-of-the-art chip technology employing on 
chip temperature sensing and mirror Emitter current sensing technol-
ogy paired with proven high reliability core packaging technologies 
like Direct Lead Bonding (DLB) and Aluminum cooling fi n. 

COVER STORY

J1-Series (6-in-1) Driver board 
 

Water jacket 

Figure 9: Water jacket and driver board

Figure 10: DC-link capacitor

Figure 11: Experimental Inverter performance of a J1-Series Power 
Module (600A/650V) sample
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Simplifying the testing of this new technology, an optimized evalu-
ation kit comprising a water-cooling jacket and a driver board with 
dedicated drive and protection circuitry has been developed for this 
new family of automotive 6-in-1 IGBT modules.

Intelligent Power Modules (IPM) have been widely used in motor 
control applications in industry and in High Voltage (HV) traction ap-
plications. A dedicated series of IPMs (“J-Series IPM” [2]) has been 
designed for automotive applications for providing both high function-
ality and high reliability. The “J-Series IPM” lineup has been extended 
by 2 new modules, the so called “+B types” [2] with increased current 
handling capability. The target for this new development was to offer 
a “ready-to-use” solution to heavy electrical or heavy hybrid electrical 
vehicles designers.  The “+B type” module ratings are given in Table 2.

Both “+B” IPM types are 
confi gured as “6-in-1” and 
are using the package outline 
shown in Figure 12:

Integrated functions
The integrated functionality 
is given in the block diagram 
in Figure13. The power block 
consists of 6 freewheeling 
diodes and 6 IGBTs with 
integrated current sense emit-
ters and temperature sense 
diodes. The protection block 
covers the following functions:

• IGBT chip over tem-
perature protection

• Short circuit current 
protection

• Power supply under 
voltage protection

• DC-link voltage detection (optional)
• Analogue chip temperature detection circuit

The control block consists of the IGBT drivers and a fault output logic 
responsible for generating a single fault output signal Fo in case 
one of the protection functions had operated. The isolation block is 
using automotive grade high speed opto couplers for signal isolation. 
The power supply & I/O block contains a built-in switch mode power 
supply for feeding all IGBT drivers from a single +12V external power 
source  as well as I/O processing circuits.  

Input signals are: a) the PWM input from the Control MCU and b) the 
mandatory for automotive applications “ready” state monitoring signal. 

Output signals are: a) the fault output signal Fo; b) the analogue chip 
temperature signal Tout and c) the analogue DC-link voltage signal 
VDC out (optional). 

COVER STORY

Figure 13:  J-Series IPM type +B Block diagram

The J-Series IPM “+B” 
The second part of this article presents the extension of Mitsubishi’s 6-in-1 Intelligent Power Module Series for EV and HEV applications [2]. The 
newly developed “+B” J-IPM series is offering enhanced power ratings in a more compact package design, an integrated switching mode power 
supply (SMPS) and an improved thermal cycling capability. All dedicated functions for controlling IGBTs safely under EV/HEV application condi-

tions (driving, protection and sensing) are integrated into the J-IPM. 

Type name Vces-rating Ic-rating Package Size (mm) 

PM800CJG060G 650V 800A 165x144.2x32 
(6-in-1) PM500CJG120G 1200V 500A 

Table 2: J-Series Intelligent Power Modules “+B type”

Figure 12: J-Series IPM “+B” package outline

Figure 14: Three-
Dimensional (3D) 
view of the “+B” IPM’s 
construction
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Module structure and robustness against vibration
A 3D-view of the +B type IPM is shown in Figure 14. A shielding plate 
is inserted between the power part and control PCB to prevent IGBTs 
and FWDis radiated noise to interfere with the IPM’s control board 
and disturb the overall control of the inverter.

Lead-free solder has been employed to comply with the “End of Life 
Vehicles” (ELV) directive.

For ensuring a reliable electrical connection to the superimposed 
control system a dedicated automotive grade connector has been 
used to facilitate the needed simplicity of assembly on one hand and 
robustness against vibration on the other hand.  Furthermore, the en-
tire IPM structure has been analytically modeled and simulated under 
vibration stress. The outcome of this investigation has infl uenced the 
outer and inner construction of the IPM resulting in robustness of the 
case and especially the sensitive control board against mechanical 
stress. Finally the mechanical ruggedness has been confi rmed by ac-
tual vibration tests under the following conditions: acceleration > 10G, 
frequency = 100 ~ 1000Hz, direction = X, Y, and Z Axis.

Short circuit protection
One highlight of J-Series IPM is the over-current protection, employed 
by a fast response on-chip current sensor. This mirror Emitter sensing 
function shown in Figure 15 along with the soft shutdown approach 
provides a comparatively low current and voltage stress to the IGBT 
throughout the entire short circuit event that in turn provides a higher 
reliability than conventional de-saturation based detection methods. 
Figure 16 shows the typical short circuit turn-off behavior of a J-Series 
IPM.

Enhanced input / output functions
The “RDY” input terminal acts as an added input fail-safe protection 
measure. In case of an error situation the superimposed control sys-
tem can directly shut down the IPM by sending a corresponding logic 
signal to this terminal. 

The employed IGBT temperature monitoring function provides an 
analogue output signal Tout indicating the IGBT chip actual surface 
temperature through the utilization of a built-in temperature sensor 
located at the center of the chip. Compared to conventional tem-
perature monitoring with thermistors located on the base plate, this 
approach provides higher accuracy and a linear output over a wide 
temperature range as indicated in Figure 17. 
The J-IPM type “+B” comprises a new function, e.g. a Tout output 
selection. This new feature selects automatically the hottest chip and 
routes the temperature information to the Tout terminal. Especially un-
der locked rotor mode condition or at low output frequency operation 
at high load current the system control has the advantage to always 
look at the most stressed chip. This information, besides the effi cient 
protection against chip over temperature, creates the possibility to 
adjust the inverter output power, the switching frequency or early 
warning messages and contributes to the reliability of the entire drive 
system. 
The DC-link voltage monitoring function (optionally available) provides 
an analogue output signal (VDC out) indicating the voltage across the 
IPM’s main P and N terminals, giving valuable information to battery 
management functions. 

Reliability
The optimization of the base plate’s and the substrate’s match of 
linear expansion coeffi cients (CTEs) as well as the interconnection 
between chip and substrate and the bonding technology itself have a 
great impact on the module’s reliability [5]. The J-Series IPM type “+B” 
employs a “low linear expansion coeffi cient” base plate resulting in a 
substantial improvement of the T/C capability by about 5–10 times to 
that of general industrial power modules. 
In line with the high reliability targets of the mechanical construction 
the integrated control board has been verifi ed specifi cally for automo-
tive applications by dedicated high-temperature and high-humidity 
bias stress tests. 

J-Series IPM “+B” summary
The new J-IPM “+B” modules provide a complete “easy-to-use” 6-in-1 
system solution for high power HEV/EV applications. It allows building 
compact, robust and reliable propulsion systems for heavy electrical 
and heavy hybrid electrical vehicles. The use of J-IPM “+B” helps to 
reduce the propulsion system development time as the implemented 
IPM functionality is providing ready state-of-the-art answers to all 
needs of an automotive inverter design. 
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Figure 15: Short circuit 
protection circuit

    

  
Figure 16: Short circuit 
turn-off waveforms PM-
800CJG060G

Figure 17:   On-chip temperature measurement result: Vout vs. Tj
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However, for a specifi c class of inductors 
there is a further opportunity for optimiza-
tion. In topologies such as buck or boost and 
PFC SMPS the inductors are usually used in 
a unipolar way, i.e. the current fl ows only in 
one direction of the coil. In these chokes only 
half of the theoretically maximum swing of 
the fl ux density is realized. This article deals 
with the technique of biasing the core with a 
permanent magnet in order to reach the full 
swing. The result is a choke which is smaller, 
lighter and more economical compared to 
existing constructions.

Working principle
Biasing the soft-magnetic core with a perma-
nent magnet is a principle which has been 
investigated for a long time [1, 2, 3].  Even 
more recent work deals with this tempting 
technology [4, 5, 6] . However, up to now no 
commercially available solution is known, 
where the biasing method is used in serial 
production.

The biasing technique concerns unipolar 
applications, for example storage or PFC 
inductors. The typical current characteristic 
of the fi rst class is shown in fi gure 1. 

The basic idea is defi ned by the formula 

L·ΔI=N·ΔB·Afe (1)

with the given inductance L and the cur-
rent swing ΔI. The winding number N and 
the magnetic cross section Afe are design 
parameters. If the swing in the fl ux density 
ΔB exceeds the saturation fl ux density Bsat 
of the softmagnetic material, the inductor will 
saturate and thus the inductance will drop 
signifi cantly (area 3 in fi g. 2c). In a unipo-
lar application the current does not reach 
negative values. Therefore, the fl ux density 

cannot become negative either. However, the 
inductor would work for a negative current 
(area 1 in fi gure 2c). But that area cannot 
be accessed by the application and remains 
unused.  With a permanent magnet in the 
magnetic circuit the working point (marked 
red in fi g. 2b) can be shifted signifi cantly by 
the magnet’s fl ux density Bmag. As a theoreti-
cal limit the swing ΔB can be doubled. As a 
result the usable area 2 in the L-I curve (see 
fi gure 2d) is increased by the same factor. 
The green area under the blue curve in fi gure 
1b represents the available magnetic energy, 
which is even four times higher.

INDUCTORS

MaxFlux – 
Magnetically Biased Inductor

Utilising the core to its fullest!
In modern topologies the inductive components require most of the space and contrib-

ute significantly to the total weight and system costs. Therefore the biggest potential for 
achieving a compact and cost efficient system lies in the optimization of these devices. 

Most of the effort made in the last years was focused on the thermal management and us-
ing better soft-magnetic materials in order to reduce the volume.

By Stefan Herzog, Alexander Stadler and Christof Gulden, 
STS Spezial-Transformatoren Stockach GmbH & Co. KG, Stockach, Germany

Figure 1: Current shape of a DC inductor
Figure 2: Effect of biasing in B-H curve (a-b), L-I curve (c-d)
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Discussing equation (1), doubling the swing 
ΔB reveals the following alternatives:

1. Using the same inductor for an application 
in which the current is bigger up to factor 
2 (see change from fi g. 2c to 2d).

2. Decreasing N up to factor 2.
3. Decreasing Afe up to factor 2.
4. Increasing L up to factor 2.

Depending on the designing priorities it is 
possible to combine the alternatives in order 
to achieve the best inductor for a specifi c 
application.  

One drawback of the biasing technique 
might be that depending on the ripple current 
Ipp and frequency the soft-magnetic core 
losses can increase signifi cantly when using 
alternative 2 and/or 3. However, in this case 
alternative 4 can be applied successfully. The 
inductance can increase up to factor 2 while 
keeping the inductor’s volume the same. Si-
multaneously the ripple current is decreased 
by the same factor. To see this effect equa-
tion (1) has to be limited to the AC part:

(2L)·(Ipp /2)=L·Ipp =N·Bpp ·Afe (2)

It can be seen that the AC fl ux density Bpp is 
not increased compared to the conventional 
choke. A higher inductance means lower 
switching losses and better EMI behavior.

Practical realization
a) Additional losses

In a biased inductor the permanent magnet 
is exposed to AC fi elds. Even for low ripple 
and frequencies a conventional sintered 
NdFeB-magnet would produce extraordi-
nary losses due to eddy current causing a 
local hot spot and an ineffi cient inductor. 

STS has modifi ed a measurement setup 
for soft-magnetic cores in order to measure 
AC losses in permanent magnets directly. 
It was possible to optimize the magnetic 
material in such a way that these additional 
losses are orders of magnitude lower even 
compared to state of the art magnetic 
materials.

b) Demagnetization due to current
The conventional magnet cannot withstand 
an opposing fi eld up to the saturation fl ux 
density (Bsat 440mT for a typical high per-
formance ferrite at 100°C). However, there 
are materials which can withstand such a 
magnetic stress.  In case of overcurrent 
even this material would reach its limit. STS 
has found a solution to prevent the magnet 
from demagnetization at those overcur-
rents.

c) Thermal aging
In addition to the short-time temperature 
infl uence one has to look at the thermal sta-
bility during the lifetime cycle.  Depending 
on the specifi cation temperatures of up to 
120°C can be reached in the vicinity of the 
permanent magnet. Long-term measure-
ments over several thousand hours show 
that the different hard-magnetic materials 
behave quite differently. STS has chosen a 
magnet optimized in terms of thermal sta-
bility and has additionally performed fi eld 
tests under full-load condition over several 
thousand hours.

For ferrite based inductors STS has ad-
dressed all problems and the result is a 
working magnetically biased inductor. The 
brand MaxFlux was given to this loss-opti-
mized biasing technology. To show what can 
be achieved the two following examples are 
discussed. The results are shown in table 1.

Specifi cation I:
L=200μH, IDC=100A, Ipp=50A, f=20kHz

The ideal winding technique for this ap-
plication is copper foil. Following the way of 
alternative 2 copper is reduced by almost 
40 per cent. The core mass is not reduced, 
since the winding window width does not 
depend on the number of turns, but on the 
copper foil width. The additional benefi t is a 
signifi cant reduction of losses. The increased 
core losses and the additional losses caused 
by the permanent magnet are considered. If 
volume and mass are a priority alternative 3 
should be selected.

Specifi cation II: 
L=640μH, IDC=30A, Ipp=27A, f=48kHz

This application has got extreme AC require-
ments. Therefore, only ferrite is suitable. 
Biasing the core allows to reduce the number 
of turns by about 44 per cent. Because litz 
wire is used the winding window width can 
be decreased at the same time, too. With the 
modular URR concept one can make good 
use of this fact and can save core material by 
reducing the effective iron path length. The 
losses are almost the same, because the soft 
magnetic core losses increase signifi cantly. 

Measurement results
At fi rst specifi cation I is discussed. 

In fi gure 3 the inductance behavior in relation 
to current and frequency is shown. One can 
see that the demanded full-load inductance 
value is reached with all designs. 
However, the biased chokes are built similar 
to the design shown in table 1 (see column 
“Alternative 3”) and are therefore much 
smaller. Figure 3b shows the different AC be-
havior. With a conventional magnet the reso-
nance is almost completely damped, which is 
equivalent to high resistive losses. With the 
optimized magnet one gets excellent results 
similar to the case of the conventional choke.
For specifi cation II another point of view is 
shown. In order to demonstrate the biasing 
effect of the magnet directly two L-I curves 
are shown in fi gure 4. The number of turns 
and core geometry are the same for both 
chokes. Adding the permanent magnets into 
the magnetic circuit shifts the L-I curve about 
20 amperes to the right, so that specifi cation 
is fulfi lled.
One can see that the optimum of the bias-
ing technique is reached. Using an even 
stronger permanent magnet would lead to a 
further shift to the right causing a signifi cant 
reduction of the inductance in partial load 
(see also fi g. 2d). Thus the ripple current 
would increase and the converter would 
become unstable when working at small 
input current. 
All the inductance measurements presented 
here were performed at 100°C. 

Design comparison (copper foil) 
Unbiased Alternative 2 Alternative 3 

Copper mass [kg] 2.01 1.22 -39% 1.63 -19% 
Core mass [kg] 5.72 5.72 0% 3.34 -42% 
Total mass [kg] 10.00 8.81 -12% 6.87 -31% 
Volume [l] 3.00 2.67 -11% 2.21 -26% 
Total losses [W] 72.9 54.7 -25% 67.1 -8% 

Design comparison  
(one layer HF-litz wire) 
Unbiased Alternative 2 

Copper mass [kg] 0.86 0.48 -44% 
Core mass [kg] 1.73 1.34 -22% 
Total mass [kg] 4.60 3.21 -30% 
Volume [l] 1.85 1.31 -29% 
Total losses [W] 57.5 58.3 1% 

Table 1: Comparison between unbiased and biased inductor
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Conclusion
In this article a new generation of magnetically biased inductors 
is presented. When developing this family special care was taken 
concerning the issue of the additional losses caused by the perma-
nent magnet. As a result one can say that these losses are small 
compared to copper and core losses and do not prevent designing an 
effi cient biased inductor. 

The MaxFlux technology is not limited to certain core geometries and 
therefore suitable for the whole power range. Biasing the core results 
in different possibilities to optimize the inductance in a way most suit-
able for the application under consideration.

Decreasing the inductor’s volume leads to a higher energy density. 
The total losses will not increase, but depending on the ratio of copper 
and core reduction the loss density will rise. To deal with this an effec-
tive cooling is necessary. 

In 2013, STS presented the innovative cooling concept InDUR. 
Combined with the MaxFlux technology the volume of a conventional 
ferrite inductor can be reduced signifi cantly. While MaxFlux lifts the in-
ductor saturation limit, the InDUR casing allows for increasing the loss 
density as well and therefore further increasing the package density.

This article is concluded with an overview what can be realized with 
respect to the energy density if combining the InDUR housing for 
forced cooling (here 2m/s air velocity) and MaxFlux:  
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Figure 3: L(I)-curve (a) and L(f)-curve (b) for specifi cation I 

Figure 4: L(I)-curve for specifi cation II 

Conventional Unbiased InDUR Biased InDUR 
Specification III L=75μH, IDC=300A, Ipp=120A, f=16kHz 

Mass [kg] 26 17 10 
Dimension [mm] 272x213x144 239x193x144 170x193x144 
Volume [l] 8.3 6.6 4.7 
Energy density [J/m³] 410 516 722 
Loss density [W/dm³] 19 40 39 

Sketch 

 

Table 2: Comparison for specifi cation III between conventional choke, unbiased InDUR 
choke and biased InDUR choke (from left to right). 
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Implementing an analogue-to-digital conversion in a circuit is one of 
the most common tasks facing designers and one that can be done 
in various ways. But for many simple and low bandwidth applica-
tions, such as a DC voltmeter for example, the goal is to keep the 
cost of the implementation low but still obtain a high resolution for the 
analogue-to-digital conversion.

A simplifi ed schematic of such a circuit is shown in Figure 1. There 
are two input voltages connected one at a time to op amp U1. Vref 
is the fi xed reference voltage used in calibration and Vmeas is the 
unknown voltage to be converted. Resistor R1 and capacitor C1 form 
a charging circuit used to convert input voltage to time. The existence 
of U1 in the circuit removes the logarithmic characteristic that would 
occur if the input voltage is directly applied to R1 and C1. 

This circuit uses a PIC16F5X microcontroller from Microchip to control 
the U1 operation by turning the four switches (S1 to S4) on and off. 
Additionally, the microcontroller measures the time and calculates the 
digital representation of the unknown input voltage.

The circuit can also be used as a current mode A-D converter. In this 
case, the input voltage to the current converter is not needed and 
the reference current and input current are both routed via analogue 
switches directly into the capacitor.

The converter requires only fi ve external components and is software 
and hardware confi gurable for conversion resolutions from 6 to 10bit, 
and conversion times of 250μs or longer. The method is usable for 
both voltage and current conversion and uses a software calibration 
technique that compensates for time and temperature drift, as well as 
component errors.

To visualise the different stages of conversion, take a look at the U1 
output voltage Vo waveform shown in Figure 2.

At t0-t1, S1 and S3 are on, S2 and S4 are off and RA0 is pulled to 
ground by the software. This yields the equivalent circuit in Fig. 3. 

Vo is equal to Vref since Vin is equal to Vref and S3 to force unity 
gain feedback. C1 is discharging or is initially discharged after the 
reset state. In any case, this stage ensures that C1 is fully discharged 
before going to the next stage. At the end of t1, S1 remains on, S2 
remains off, S3 is off, S4 is on and RA0 is confi gured as an input pin. 
This yields the equivalent circuit in Figure 4. 

Easy Conversion
A look at how to implement an analogue-to-digital conversion 

in a low bandwidth application

By Mark Pallones, Kristine Angelica Sumague and Mike Gomez, Microchip

Figure 1: Circuit diagram for an analogue-to-digital circuit

Figure 2: Operational amplifi er output voltage waveform

Figure 3: Equivalent circuit during discharging

Figure 4: Equivalent circuit during measurement
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As a function of Vref, Vo is started to ramp-up linearly while C1 is 
charging. The Vo ramp-up continues until the threshold voltage input 
Vth of the microcontroller trips. This generates a software calibration 
value equal to tref.

This calibration value is measured and used to calibrate out most 
circuit errors, including inaccuracies in the resistor and capacitor, 
changes in the Vth, and temperature variation.

After the software calibration value is measured at t2, S2 and S3 are 
on, S1 and S4 are off and RA0 is pulled to ground again by the soft-
ware. This yields the same equivalent circuit in Figure 3. However, Vo 
is equal to Vmeas since Vin is equal to Vmeas and S3 to force unity 
feedback. C1 is discharging from t2 to t3. At the end of t3, S2 remains 
on, S1 remains off, S3 is off, S4 is on and RA0 is confi gured as an 
input pin. This yields the same equivalent circuit in Figure 4. 

As a function of Vmeas, Vo is started to ramp-up linearly while C1 is 
charging. The Vo ramp-up continues until the Vth of the microcontrol-
ler trips. This generates a software Vmeas value equal to tmeas. This 
value is compared with the software calibration value to determine the 
actual digital representation of Vmeas.

Circuit equations
Based on the circuit operation, equations are used by the micro-
controller to calculate the conversion result. In Figure 4, the current 
through R1 is equal to the current through C1. When the input voltage 
Vin is equal to Vref, the relation between the two currents is repre-
sented as Equation 1 in Figure 5. When Vin is equal to Vmeas, the 
relation between the two currents is represented as Equation 2 in 
Figure 5.

Integrating Equations 1 and 2 yields the results shown in Equations 
3 and 4. Since Vref and Vmeas have constant input, Equations 3 and 
4 can be further reduced to Equations 5 and 6. At the end of each 
measurement, Vo of Equations 5 and 6 are both equal to Vth. There-
fore, equating both equations yields Equation 7. Here, R1 and C1 can 
be eliminated and solved for Vmeas, the unknown input voltage.

In Equation 8, it is apparent that the measurement is independent of 
the value of circuit elements R1 and C1. This makes the conversion 
insensitive to errors in the R1 and C1 value, due to the inaccuracy or 

temperature variation. However, this does not mean that the values 
of R1 and C1 are unimportant in the design of the A-D converter. The 
values of R1 and C1 should be selected based upon the number of 
bits of resolution. Looking back at Equation 6 and solving R1C1 you 
get Equation 9 in Figure 6.

The actual value for R1C1 should be slightly smaller than calculated 
to ensure that the PIC16F5X microcontroller does not over count 
during the measurement. It should be noted that there will be a differ-
ence between the R1C1 value when implementing in Assembly and 
C because the instruction cycles per count when using C are greater 
than in Assembly.

Circuit performance
In actual applications, if measurement accuracy permits, it may be ad-
vantageous to use lower resolution bits and higher clock source. The 
maths code can be largely reduced and the measure time is reduced 
by the simpler code and shorter count.

The calibration value removes all fi rst order errors (offset, gain, R 
and C inaccuracy, power supply voltage and temperature) except the 
reference voltage drift. Any change in the reference voltage, including 
noise, may result in measurement errors. Other error sources may be 
analogue switch leakage, resistor and capacitor non-linearities, input 
threshold uncertainty and time measurement uncertainty (plus or 
minus one instruction cycle time). Measured performance shows the 
converter to be accurate within 1% of full scale.

Conclusion
For a simple and low bandwidth analogue application, it usually 
requires a low cost yet high resolution A-D converter. By using the 
PIC16F5X (or the PIC16CFX) baseline family of microcontrollers, this 
article has demonstrated how to meet such requirements. The A-D 
converter does not only use fewer components but also has a capabil-
ity to calibrate out most circuit errors.

www.microchip.com

Figure 5: Analogue-to-digital conversion equations

Figure 6: Calculation of R1C1 value

DESIGN AND SIMULATION
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The main requirement of electrically powered bicycles for postmen is 
to transport them versatile, speedy and effortless to their destination 
in the countryside – environmentally friendly and resource conserv-
ing. The eScooter’s basis is the motor control unit from Rising-edge 
GmbH (Image 1), and a three-phase permanent magnet synchronous 
motor with up to 15 kW gives a comfortable driving experience as well 
as manoeuvrability. The motor controller provides an output current of 
up to 270 A with 160 A continuously. The computing power necessary 
for calculating the fi eld-oriented vector control (FOC) is provided by 
a FPGA. A three-phase full bridge module with six MOSFETs acts as 
output stage. Since this is a THT module, the motor currents have to 
fl ow through the PCB.

Routing high currents of 100 A or more through the PCB requires 
effi cient themal management, a technological challenge for board 
layout engineers. Power semiconductors for high current and high 
voltage applications become increasingly complex and create high 
thermal losses. The excess heat needs to be conveyed away quickly. 

However, high currents need broad copper paths which take much 
space. And space is at a premium on miniaturized boards.

This ongoing miniaturization of control circuits also makes it neces-
sary to integrate sensitive SMT components on the same board as 
the high current components. This poses various challenges for de-
sign engineers. On the one hand, the wire cross sections have to be 
as large as possible in order to avoid overheating by high currents. At 
the same time, minimum distances to the sensitive wires of the control 
circuit are required.

The most common solution places control and power electronics on 
separate boards using a connector. Placing both functional units on 
one board would save money and space but this doesn’t work with 
conventional PCB technologies. Using thick copper technology deals 
with the high currents but not with the fi ne structures of the control 
circuits. So we need a PCB technology that allows realizing broad 
wires for heat transport as well as very fi ne structures.

Intelligent thermal management with massive copper
HSMtec is a suitable solution for this problem. The PCB technology 
conforms to DIN EN 60068-2-14 and JEDEC A 101-A and has been 
audited for aviation and automotive. It works selectively: massive cop-
per is integrated into the board only where high currents actually have 
to fl ow through it, as profi le or wire. At this point in time, profi les with 
500 μm height and widths between 2,0 mm and 12 mm in variable 
length are available, as well as wires with a diameter of 500 μm (Im-
age 2). Those copper elements are bonded substance-to-substance 
to the etched conductive patterns using ultrasonic welding. This works 
in any layer of a FR4-based multilayer. HSMtec allows reducing the 
heat resulting from high currents quickly to acceptable partial and 
system temperature. The integrated copper elements can cope with 
currents up to 400 A.

A look at the specifi c thermal conductivity shows the importance of a 
continuous metallic path from heat source to heat sink and demon-

eScooter is Gaining Speed
The life of Swiss postmen in some rural areas may just become a bit easier: 

In a pilot project they will be equipped with eScooters. Complex power electronics is 
required to drive the electrically powered two-wheelers and intelligent thermal 

management ensures reliable operation. This is where HSMtec enters the picture.

Author: Johann Hackl, PM HSMtec, Häusermann, Gars am Kamp, Austria

MOTION CONTROL

Figure 1: HSMtec makes it possible to integrate the full motor control 
unit on a single board

Figure 2: The visible copper wires and profi les provide effi cient 
thermal management 

Figure 3: Specifi c thermal conductivity of different materials
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strates the potential of HSMtec. The thermal conductivity of copper is 
a factor 1000 higher than FR4. A thermally optimized layer structure 
allows for rapid heat spreading and supports the full thermal concept. 
A real world example: An area of 10 mm x 10 mm can be perforated 
with more than 400 drill holes with a diameter of 0,25 mm each. The 
area then consists of 10% copper and its effective thermal conductiv-
ity rises to 30 W/m•K. This means that this assembly conducts heat a 
hundred times better than FR4 and still ten times better than the best 
heat conducting substrates (Figure 3).

HSMtec for reliable eScooters
HSMtec makes it possible to combine large diameters for heat 
transfer with very fi ne structures (Figure 4). This solves the problem 
and provides optimum heat transfer from the power component to the 
heat sink. So, HSMtec is very suitable for use in the control unit of a 
DC motor with an IGBT or for electromobility. In this application area, 
weight and size are of importance, but also the ability to cope with 
high conductivity in order to dissipate heat rapidly (Figure 5).

Traditionally, the eScooters motor control required special assem-
blies in order to route large currents on the PCB. This has changed 
with HSMtec. This technology makes it possible to integrate the full 
motor control module on 228 mm x 75 mm on a single board (Figure 
6). The massive copper elements in the four-layer board conduct 
current while dissipating heat rapidly. Since there are neither screwed 
connections nor cables necessary between module and PCB, this 

leads to higher reliability. The motor controller doesn’t just regulate 
the engine but also the recuperation of braking energy. This requires 
trading-off the mechanical brake power with the rate of recuperation in 
order to gain as much energy as possible while still executing the right 
amount of braking force.

At the moment, HSMtec is used in prototypes of the eScooter’s 
power-train electronics. Its Small size allows space-saving installa-
tion directly on the motor wing. The enormous amount of computing 
power available through the FPGA may turn the motor controller into a 
central vehicle computer in the future. It could then provide additional 
functions like diagnosis and data logging, fl eet management using 
GPS and GSM or diplayand instrument control. The HSMtec board 
plays a vital part in the development of power and cost effi cient DC 
motor control in restricted space. That means it contributes signifi -
cantly to future mobility and environment protection.

http://www.haeusermann.at/en

Figure 6: The unpopulated motor control: The fi rst step is the assem-
bly of the output stage, an integrated three-phase full-bridge module 
with six MOSFETs. Caption: Rising-edge

Figure 5: Signifi cant space savings by coexistence of control units 
and LED on one board Caption: Häusermann

Figure 4: Bending position: Constructing self-supporting multidimen-
sional PCBs with the integrated wires or profi les. Heat and high volt-
ages can be routed through dedicated paths.

http://kikusul-europe.com
http://www.haeusermann.at/en
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Technological progress in semiconductor switching velocity allows 
signifi cantly higher switching frequencies and consequently a reduc-
tion in cost and size of power electronic devices. However, EMC 
requirements are rising because of this. The smaller the components 
for switching, energy storage and cooling become, the higher the 
percentage especially that of device volume is needed for fi ltering 
electromagnetic interferences. In most cases, to meet the limits for 
conducted noise or electromagnetic fi elds the generated disturbances 
need to be fi ltered. This task is mostly solved with passive compo-
nents. In practice, EMI fi lter design is mainly carried out by trial and 
error in many companies due to the complexity of the topic. For 
accurate fi lter performance prediction, besides the nominal values of 
the components, parasitic properties like equivalent serial resistances 
ESR and inductances ESL of capacitors have to be considered. Ad-
ditionally, coupling effects between the passive components gather 
infl uence when placed close to each other. Often the fi lter attenua-
tion is almost exclusively determined by inductive coupling between 
components with high and low interference levels from frequencies of 
a few hundred kilohertz.

Over the last few years the group Power Electronics Systems of the 
Fraunhofer Institute for Reliability and Microintegration (IZM) has suc-
cessfully solved many of its costumers’ EMC issues in which inductive 
couplings played a key role. Because of its wide experience and avail-
able theoretical knowledge the team is often contacted by companies 
to solve diffi cult EMC problems. A typical performance requirement of 
the specialists is the optimization of component placement in EMC fi l-
ters for power electronic devices to adhere to the limits for conducted 
noise. A further issue is the detection of critical current paths in hard-
ware designs that affects the functionality. What’s more the evaluation 
of occurring magnetic fi elds caused by interference currents in cables, 
inductors and so on in power plants, which have to comply with limits 
for magnetic fi elds, are included. The costumers come from varied 
branches, especially from the automotive sector, railway technology 
and the renewable energy industry.

The effect of magnetic coupling is illustrated in fi gure 1 and can be 
explained with the transformer principle. A current i1 via a conductor 
1 (primary side) causes a magnetic fl ux Φ1 around it. A part of the 
fl ux Φ12 penetrates the adjacent conductor 2 (secondary side) and 
when there is a temporal alteration in this fl ux a voltage u2 is induced. 

This physical law can be described with the mutual inductance M 
and numerically calculated with the Partial Element Equivalent Circuit 
(PEEC) method.

What is the current procedure to compute inductive couplings in 
customer projects? Since there are many different layout tools on the 
market, customers usually provide their layout to the group in the form 
of a big pile of papers or fi les. The central task now is to analyze the 
specifi c layout and to detect the EMC relevant current paths. These 
critical paths can be the source of coupling effects among the compo-
nent system and strongly infl uence the EMC performance. To quantify 
their infl uence, a combined circuit and fi eld simulation is carried out. 
The layout of the critical paths including the full 3D dimensions of the 
components is remodeled. An automatic interface for this work is in 
our experience not helpful, as manual reworking of the geometry and 
assigning the crossing nodes is more time consuming than creating a 
new construction which contains the relevant elements only. This con-
struction is subsequently used as the input fi le for the PEEC solver 
Fast Henry to compute and detect coupling effects. 

In order to reduce this time-consuming procedure signifi cantly, 
employees of the institute have developed a new software tool to 
specify critical EMC paths and to create related input fi les for the Fast 
Henry solver more effi ciently. The primary idea to reduce the three 
dimensional geometry input effort is that in PCB layouts the currents 
mainly fl ow in the plane of the PCB that is defi ned as XY plane and 
therefore the geometry input can be reduced to two dimensions. The 
third geometry dimension is created by assigning the z coordinate and 
the height to each segment in a GUI parameter sheet. Due to the rect-
angular current path structure of many components, for example foil 
capacitors, current shunts, contactors and fuses, their geometry input 

Effi cient 3D Modeling Tool 
for Computation of Inductive 

Coupling Effects
Nowadays 3D modeling to compute electromagnetic fields is widely disseminated. 

It is used to evaluate electrical properties of components, assemblies and whole systems. 
In most cases it is a very time consuming process. Scientists of the Fraunhofer IZM 

developed a new tool for magnetic coupling computation with an effort reduction of 80% 
compared to available programs. The graphical geometry input effort could be drastically 

reduced and the functionality of the tool could be restricted to necessary functions.

By Eckart Hoene, Bernd Stube, Stefan Hoffmann and Bernd Schröder, Fraunhofer IZM

Figure 1: Effect of inductive coupling



www.bodospower.com  June 2014 Bodo´s Power Systems® 43

CONTENTDESIGN AND SIMULATION

can also be conducted two-dimensionally while employing simple ret-
rospective assignment of the height parameters. The model creation 
of inductive components can be executed by macros. The symmetri-
cal structure of CM chokes, cylindrical coils and so on are utilized to 
generate component models with only a few input parameters via 
a GUI parameter sheet. A further benefi t of the software program is 
that its functionality and handling is focused on the Fast Henry model 
creation. The geometry philosophy is based on the geometry charac-
terization of the Fast Henry input fi le syntax.

With this new tool the user can input customer layouts that are given 
as pdf-fi les or as pictures (e.g. in jpg-format). A high level of smart 
functionality is provided for segment creation of critical paths in the 
PCB plane using the computer mouse. The user interface is based on 
the modern look and feel of many programs. It is shown in fi gure 2. 
The input data is automatically saved into a Fast Henry input fi le. In 
addition the Fast Henry solver can be called directly via the tool. Then 
the calculated data can be processed further by following programs. 
In this way it can be ascertained very quickly whether a device layout 
is suffi cient to fulfi ll the EMC requirements.

An exemplary illustration of how a DC-DC converter’s fi lter attenua-
tion can be infl uenced by the component placement is described in 
the following. In the left picture of fi gure 3 the fi lter components are 
placed adversely and the PCB traces are executed inconveniently. 
Due to the high magnetic couplings between fi lter capacitors, coils 
and PCB traces the conducted noise limits according to CISPR 25 
class 5 cannot be adhered to (right graph in fi gure 3). The infl uence of 
inductive couplings on the fi lter attenuation is dominant at frequencies 
from 400 kHz.

By favorable adjustment of the component arrangement using identi-
cal parts as depicted in fi gure 4 the DM noise level decreases greatly. 
It can be seen that the measured interference voltage values lie more 
than 10dBμV below the limits. Therefore it is possible to decrease the 
nominal component values. In this way the costs for fi lter elements 
can be minimized.

As is shown in the comparison between the graph in fi gure 4 and 
fi gure 5 the noise level can be predicted with a very high accuracy 
with the use of simulation. For this purpose the inductive couplings 
have to be considered. The Fast Henry model to calculate the self 
and mutual inductances is imaged in the left picture of fi gure 5. With 
this methodology the optimal component arrangement can be found 
before a practical setup is constructed. Consequently unnecessary 
expensive recursions can be avoided. The developed software tool 
allows a very fast simulation model creation. Therefore system design 
costs can be reduced.

With the aid of the new tool the working group has already success-
fully solved costumers’ EMC problems and the effect is signifi cant. 
Mainly by restricting the functionality of the tool to necessary functions 
the effort for modeling is reduced by 80% compared to the tools avail-
able on the market. 

http://www.izm.fraunhofer.de/

Figure 2: Modern user interface of the software tool

Figure 4 Component placement picture and measurement result of 
the favorable layout

Figure 5 Component placement model and simulation result of the 
favorable layout 

Figure 3: Component placement picture and measurement result of 
the adverse layout

http://www.izm.fraunhofer.de/
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The use of FPGA devices for real-time simulation purposes is an 
emerging trend for the hardware-in-the-loop (HIL) simulation. HIL 
techniques are used for various applications [1] the main objective 
of keeping the budget impact at bearable levels during the develop-
ment phase while running realistic tests in a safe environment on the 
actual hardware. The computational speed of FPGA, combined with 
their fast coupling capability with I/Os make them an excellent choice 
for such applications. In eFPGAsim in particular, special attention is 
taken to insure that all FPGA-based models exhibit a very low HIL 
loop latency, sometimes a critical aspect in some high-end motor 
controller tests.

eFPGAsim description 
The RT-LAB real-time simulator is designed to run models on FPGA 
and CPU. On the CPU, most Simulink models and toolboxes like 
SimPowerSystems are supported. On the FPGA, a customized 
suite of models and solvers was designed by OPAL-RT and is called 
eFPGAsim.

In eFPGAsim, the set of FPGA motor drive models available as of 
Q2-2014 are:

• FEA-based Permanent Magnet Synchronous Motor (PMSM, 
IPM) [3]

• Switched Reluctance Motor (SRM) [4]
• Induction motor or induction generator (IM/DFIM)

The various machines model is designed so that all parameters can be 
modifi ed online. The power electronic part is customizable using a vari-
able topology FPGA solver called Electric Hardware Solver (eHS)[1]. 

The system is designed for fast design iteration process by allowing 
circuit and parameter modifi cation with a single bitstream to decrease 
the time between design iterations to a few seconds. Both eHS and 
machines are designed using fl oating-point arithmetic. The system 
allows control engineers to validate prototype and production control-
lers in real-time using a virtual drives along with the connected power 

electronics. The time step of the solver varies from 150 nanoseconds 
to one microsecond and the total latency between the IGBT fi ring 
signals and the voltages and currents outputs at the analog outputs 
varies between 1 to 1.5 μs.

User can implement himself any type of converter circuits with the 
eHS FPGA  generic solver and the schematic editor of SimPower-
System, PLECS and PSIM.  Simple 2-level inverters, buck, boost, 
H-bridge and SRM uni-directional converters or more complex 
power electronic circuits with grid connected converter such a matix 
converters, 3-level NPC or fl ying-capacitor topologies can easily be si-
mulated with time step betwen 200 nanoseconds and 1 microsecond. 
The circuit topology and parameters can be modifi ed on-the-fl y in a 
few seconds without regenerating the FPGA bitstream, which save a 
lot of time. Several pre-maid circuit example are provided.

The eFPGAsim suite also allows the user to add their own VHDL or 
Xilinx System Generator code. These models’ availability, as well as 
their connections are customizable on a fi xed FPGA bistream that 
doesn’t need to be recompiled. This eFPGAsim structure is depicted 
in Figure 1

eFPGAsim: A Versatile Motor Drive 
and Power Electronic Test System 
Smart-grid and Electric hybrid-vehicle devices tests and validation 

made easy with the power of FPGAs 
This article presents a versatile test gig for controlled systems and devices such as electric 

hybrid vehicles (HEV) and smart grid controllers. At the core of this Hardware-In-the-
Loop (HIL) test systems are a set of FPGA-based solvers and models that enables the test-
ing of power electronic and motor drive systems with switching frequencies approaching 
100 kHz. This HIL system, called eFPGAsim, is designed for fast design iteration process 
by allowing circuit and parameter modification with a unique FPGA bitstream. The sys-
tem allows control engineers to validate production controllers in real-time using virtual 

power systems and motor drives.
By Jean Bélanger, Vincent Lapointe and Christian Dufour; 

OPAL-RT TECHNOLOGIES 1751 Richardson, bureau 2525, Montréal Qc, Canada H3K 1G6; 
christian.dufour@opal-rt.com    jean.belanger@opal-rt.com

DESIGN AND SIMULATION

Figure 1: eFPGAsim structure
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Smart-Grid applications
The modern smart grid is designed to harness all available energy on 
the grid, not only from the main generating centers but also from the 
lower-end part of the grid [5]. A typical application of this smart-grid 
concept is the distribution grid connection of renewable energies such 
as wind turbines. 

The main objective of a wind turbine is to permit the maximum energy 
capture from the wind for all conditions of the wind and grid. On one 
part, the mechanical power of a wind turbine that can be extracted 
greatly depends on wind speed [2][6].

In the doubly fed induction machine generator, the rotor is coupled to 
the turbine shaft through a gearbox while the stator is connected di-
rectly to the fi xed frequency grid. The normalized difference between 
the stator electrical frequency and the rotor speed is called the induc-
tion machine slip and determines, in part, the power balances in the 
machine. 

Other types of control can be used (ex: blade pitch control) to keep 
energy extraction near its optimal values. Several other benefi ts 
can be obtained from the use of variable speed generators for wind 
turbine and the reader is referred to [2] for further details.

The design and test of such wind turbines controllers is quite complex 
indeed. Control laws are well-known in theory. This theory is usually 
made using linear systems. The challenge here is really to predict 
how well the controller will behave in the presence of saturation 
effects (ex: feeding transformer) or when the system goes out of 
specifi ed working mode and goes into contingency mode. In this 
mode, special protection code is executed (for example to turn-off the 
inverter gating, or to put the blades into stall mode fl owing the detec-
tion of dangerous wind levels).

Figure 2: Wind turbine and DFIM modeling on the CPU and FPGA of 
the RT-LAB simulator.

DESIGN AND SIMULATION

Scan me!

HIGH VOLTAGES, HEAVY CURRENTS, AND LOW INDUCTANCE

ELECTRONICON Kondensatoren GmbH ·  Keplerstrasse 2  ·  Germany - 07549 Gera  
Fon: +49 365 7346 100  ·  email: sales@electronicon.com  ·  web: www.electronicon.com

w w w. e l e c t r o n i c o n . c o m

High Voltage and Low Inductance 

Our recommendation for applications where low 
self-inductance is to be combined with high currents 
or voltages. Plenty of capacitance (and absolutely no 
liquids) in flame-retardant plastic housing.

 Special coating patterns for up to 50kVDC/30kVAC  

 available with exceptionally low PD levels for 
extended life

 SINECUTTM windings with SecuMetTM metallization 
for exceptional current strength

 Low-inductance connection through robust terminals
 

http://www.electronicon.com
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Indeed, the ‘device control code’ (ex: PID) is typically only 10-20% 
of the total code of an industry-grade controller. The other 80-90% is 
used for protection, diagnostics and interfaces. All these parts can be 
test together carefully using a HIL simulation such as eFPGAsim. 

Figure 2 shows the typical model lay-out for a simple DFIM control-
ler test using the eFPGAsim HIL simulator. High frequency power 
electronic device and the induction motor are located on the FPGA 
computational engine. Other parts, such as the feeding circuits and 
the mechanical model of the wind turbines are implanted in the CPU 
of the HIL.

In Figure 3, we show the outputs at the Analog Outputs (read by the 
controller under tests) of the HIL when we run the induction machine 
at 120 Hz fundamental frequency on the stator at 2160 RPM rotor 
speed (slip=0.1) with short-circuited rotor. The PWM frequency is 1.2 
kHz and in the test we change the modulation index from 0.7 to 0.8. 

multi-Controller interaction and coordination
In smart-grids, needless to say, many controllers interact with each 
other and this has to be tested also. This can be done by interconnec-
ting synchronously many such eFPGAsim simulators.

One key aspect of these multi-controller interaction and coordination 
is the communication layer. Opal-RT simulator supports most power 
systems communication protocols such as DNP3, IEC60870-5-104, 
IEC61850-8-1 GOOSE, IEC61850-9-2 Sampled Values, Modbus, 
C37.118.

Hybrid Electric Vehicle applications
The concept of Virtual Motor Drives (VMD) is increasingly gaining 
acceptance in the automotive industry. They are used to test and 
validate complex drives systems found in modern hybrid vehicle drive 
trains [3]. VMD are also used in many other applications such as 
high-effi ciency air conditioners and machine tools [4] and ship drives 
[6] among others.

The use of VMD can lead to faster development cycles and improved 
test coverage. Development cycles are accelerated by the fact that 
physical drive design and construction can be done in parallel with 
control development. Control engineers who used to validate their 
control schemes on the real drive prototype can now use the VMD, 
which is easy to program and confi gure. Test coverage can also be 
improved because the VMD can go to operating points that are not 
reachable using real devices without damaging them. 

Testing of Hybrid Electric Vehicles (HEV) is made using VMD. Re-
cently, car manufacturers have been pushing to use higher accuracy 
Permanent Magnet Synchronous Motors (PMSM) models rather than 
the classic Park 2-axis model (So-called DQ or Park model). Finite-
Element-Analysis (FEA) PMSM models have recently been used and 
validated successfully on FPGA [3]. These FEA models include high-
resolution effects such as the back-EMF and inductance included 
slot-effect and the latter also included saturation. This latter model is 
called the Spatial Harmonic model.

In Figure 4, we show the model lay-out for a typical HEV confi gura-
tion with two PMSM motors and a boost inverter, usable for testing a 
Prius-like HEV [3].
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Figure 4: eFPGAsim set-up for HEV test 

Figure 3 FPGA current captured on oscilloscope for PWM mode 
@ 2160 rpm

http://opal-rt.com/


www.bodospower.com  June 2014 Bodo´s Power Systems® 47

CONTENTBATTERY

The three-day trade event again kicked off with two half-day inten-
sive seminars on the topics of Battery Packs developed properly and 
Lithium Ion Rechargeable Battery Technologies/Battery Management 
Systems on 25th March, 2014. Offered for the fi rst time in 2013, each 
year around 120 participants made use of the opportunity to have 
their knowledge updated by batteryuniversity.eu experts in just a few 
hours in the run-up to the developer forum, and once again this year 
there were a large number of reserved places, as Dr. Jochen Mähliß, 
head of batteryuniversity.eu, emphasizes: “The overwhelmingly 
positive resonance to this additional offering refl ects the incredible 
dynamism with which the sector is currently moving forward. Given 
the rapid technological progress in the area of mobile power supplies 
and the many standards and regulations, etc. which are sometimes 
diffi cult to grasp even for insiders, it is understandably becoming 
increasingly diffi cult for companies and their employees to maintain 
an overview. We are attempting to counteract this with our intensive 
seminars which save time and costs for participants. We are therefore 
very pleased that this training offering receives so much interest”.

More than 500 participants attended this year’s expert forum, which 
took place on March 26th and 27th. Around 30 top-class experts 
informed about the latest trends from research and development. 
This year, Kurt Sigl, President of the Federal Association for eMobility 
(BEM) and Dr. Reiner Korthauer, Director of the Trade Association for 
Transformers and Power Supplies at the Central Electrotechnology 
and Electronics Industry Association (ZVEI) had been engaged as key 
speakers; they opened both morning programs with guest lectures on 
the topics of eMobiliy and Stationary Energy Storage. Further key as-
pects this year were formed by the presentation of current and coming 

cell generations, the latest battery packaging methods, innovative 
charging and safety concepts and also problem-solving approaches 
for OEMs with regard to rechargeable battery storage, fi re warning 
technology, the REACH regulation and much more. The conference 
was rounded off by two parallel held sessions on the topics of Electric 
Mobility and Energy Storage & Security. As the event is getting more 
and more international, for the fi rst time the expert lectures held in 
German had been translated simultaneously into English.

The developer forum was accompanied by a trade show with 38 
companies that presented their products, solution approaches and 
services on a total of 2000 m2 of exhibition space again this year. 
“The combination of lectures and the trade fair has really proven itself 
in recent years, not least because it means that many contributors are 
present on both event days and are thus available longer to answer 
any individual questions forum participants may have. One of the 
main reasons for the sustained success of this developer forum on re-
chargeable battery technology is certainly that battery developers and 
users have a rare chance of a comprehensive expert discussion with 
lecturers and experts from leading manufacturers and scientifi c insti-
tutions, an opportunity which is made active use of between and after 
the lectures within the context of the trade fair”, states Dr. Mähliß. 

Market development
Looking into the future 
makes Sven Bauer re-
ally happy. The CEO of 
BMZ is convinced that 
the market is growing 
continuously and stable. 
Even more: “If the plans 
of the German govern-
ment will become true, 
there will be a shortage 
of cells”, he predicts. 
The German Federal 
Government is looking to 
have one million electric 
vehicles on the road 
by 2020. The aim is to 
speed up research and 
development in battery-
powered electric vehicles 
and their market prepara-
tion and introduction in 
Germany. However, the 
developments not only in 

7th Developer Forum on 
Rechargeable Battery

For three days the tiny city Aschaffenburg was the capital of the battery world. 
In recent years, the rechargeable battery developer forum with trade show organised by 

batteryuniversity.eu has developed into one of the most important European sector 
meetings for all rechargeable battery manufacturers and their suppliers and customers.

By Marisa Robles Consée, Corresponding Editor; Bodo’s Power Systems

Figure 1: The 7th developer forum on rechargeable battery attracted 
more than 500 attendees. (Picture: 3W Media)

Figure 2: Market
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Germany are on a good way. To prepare for the EV market, research-
ers and battery manufacturers have invested signifi cant resources to 
develop better battery technologies. At least, the battery will deter-
mine the success of the EV, and until improvements are achieved in 
terms of higher specifi c energy, longer service life and lower cost, the 
electric powertrain may be limited to a niche market. 

In Germany lithium ion batteries are being utilized more than one 
hundred million times a day, in cell phones and laptops, in electric 
toothbrushes, cordless screwdrivers and lawnmowers, pedelecs and 
countless more applications. The term “Li-ion” has long been a strong 
argument for buying. However, for competitive reasons it is immense-
ly important for the battery industry to develop even more powerful, 
even smaller and safer batteries. Sven Bauer expects that the Li-ion 
cell share will increase about 31% from 2010 (38%) to 2015 (69%). 
This development will replace NiCd at the mid-low price sector (1.1Ah 
to 1.3Ah). Despite this, the future Li-ion packs will achieve a growth of 
almost 18000 Mio. USD in 2017.

But on the same time the battery manufacturers have to face a severe 
decline of price. Sven Bauer is talking about a price fall of 60% from 
2010 to 2020. According to the market researchers Boston Consult-
ing Group (BCG), the largest decrease in battery prices is expected 
to occur between now and 2020 with more gradual decline thereafter. 
A battery for the electric powertrain currently costs between 1000 
and 1200 USD/kWh. BCG claims that the price of Li-ion will fall to 
750 USD/kWh within the next decade. The market researchers point 
out that the cost of Li-ion can be reduced to 400 USD/kWh in high 
volume.

eTaxi driver
A new minimalism: Paul Leibhold from Vispiron presented a public 
transportation network with operational uses as eTaxi, eCarsharing, 
eTourism and eWheelchair-Taxi. The idea was to offer an EV with 
zero emissions and very high performance. With 450 kg plus 100 kg 
battery, the car is really light-weighted. Prof. Peter Neumann took 
over the design of this innovative vehicle. Important for him was to 
avoid all unnecessary details of a typical car. With a length of 3.50 m, 
with seats for driver and two passengers and luggage room for two to 
four suitcases it may remind more of a rickshaw than of a typical EV. 
However, the car will have an unlimited range thanks to a manual bat-
tery change system. “It is a totally new eTaxi concept”, Paul Leibhold 
said and continued his explanation: “Weighing only 550 kg it is energy 
effi cient, resourceful and environmentally friendly, providing a lot of 
driving enjoyment for people and effi cient goods transportation in the 
city.”

The project Adaptive City Mobility (ACM) which is founded by the 
German Federal Ministry for Economic Affairs and Energy (BMWi) 
with about 6 Mio. Euro is a joint project of Batterie Montage Zentrum 
(BMZ), Fraunhofer ESK, Roding Automobile, Heinzmann und Vispi-
ron. By 2015, a network for the intelligent City eFleet with multimode 
user options is scheduled. The real-time data will serve as a base for 
innovative business models.

http://www.entwicklerforum-akkutechnologien.de 

http://www.batteryuniversity.eu/

http://www.ikt-em.de/de/ACM.php

Figure 3: Market

Figure 4: The new car concept of Vispiron, presented by Prof. Peter 
Naumann and Paul Leibold. (Picture: Vispiron)

BATTERY

http://www.entwicklerforum-akkutechnologien.de
http://www.batteryuniversity.eu/
http://www.ikt-em.de/de/ACM.php
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Helping cutomers to use electrical power efficiently by reducing environmental 

impact is one of the main ABB’s fundamentals. That is why we focus our efforts 

to anticipate your needs with different advantageous technical solutions by 

developing sensors with the best compromise between performance and cost.

You have a dedicated application, we have a dedicated range.

www.abb.com/sensors

Cost effective 

solutions?

ABB France
Current & Voltage Sensors

e-mail: sensors.sales@fr.abb.com

Certainly.

QID3320004, manufactured by Powerex, Inc. 
recently attained UL recognition (E78240).
This Dual IGBT HVIGBT module makes 
use of the latest Mitsubishi R-Series chip 
technology, which offers lower losses, a more 
rugged SWSOA and RRSOA, and a higher 
current handling capability as compared to 
previous generations of chip technology.
Highly insulated housings offer enhanced 
protection by means of greater creepage 
and strike clearance distance for demanding 

applications such as medium voltage drives 
and auxiliary traction.
All components and interconnects are iso-
lated from the heat sinking baseplate, offer-
ing simplifi ed system assembly and thermal 
management.
This device is rated at 200A/3300V.
These modules are designed primarily for 
medium voltage drive applications.

www.pwrx.com 

Dual IGBT HVIGBT Module

IXYS Corporation announced the intro-
duction of the compact and lightweight 
PIM-Mini by its IXYS Colorado division. 
The PIM-Mini is an air-cooled pulsed 
current source designed to drive laser 
diodes, bars, arrays, or any low-imped-
ance load.

Offered in models from 5 amperes to 
200 amperes of peak current at up to 

48 volts forward voltage, the PIM-Mini has been optimized for OEM 
designs including industrial, chemical processing and medical applica-
tions. Its size and fl exibility makes it ideal for research, laboratory, 

scientifi c and other applications requiring a compact and economical 
high-performance pulsed driver.

Pulse widths are adjustable from 25 microseconds to 8,750 microsec-
onds (maximum pulse width varies by model), with a pulse repetition 
frequency up to 20 hertz. Output current is set with an internal poten-
tiometer or an analog voltage. The pulse width is controlled with the 
input trigger signal. It requires two DC voltages for operation, 12 volts 
support power and a compliance voltage equal to 12 volts above the 
laser diode’s forward voltage.

http://www.ixyscolorado.com 

PIM-Mini 5A to 200A Miniature Pulsed Laser Diode Driver

http://www.pwrx.com
http://www.ixyscolorado.com
http://www.abb.com/sensors
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Typhoon HIL Inc. continues to deliver cutting edge technologies for 
Hardware-in-the-Loop testing and real-time simulation for power elec-
tronics with new and improved schematic editor, bigger component 
libraries, faster oscilloscope function, and extended API.
Typhoon HIL Inc. released Typhoon HIL Control Center 2014.1, the 
newest version of the software suite for its HIL 6-series and HIL 4-se-
ries Hardware-in-the-Loop test and real-time simulation systems. With 
the HIL Control Center 2014 software release, Typhoon HIL integrated 
the latest technologies into software and fi rmware while simultaneous-
ly streamlining user interface, and signifi cantly shortening Hardware-
in-the-Loop setup time for power electronic control systems testing. 
The Typhoon HIL Control Center 2014.1 benefi ts include: 

• Faster, easier to use, streamlined Schematic Editor that includes: 
smart wire routing enabling easier schematic capture, component 
library explorer tab with easily searchable components.

• New Power Electronics Components in the component library, 
including: Active Neutral Point Clamped (ANPC) switching block 
component, RMS measurement components, Controlled sources, 
new fl exible motor operated circuit breaker.

• Improved HIL Control Panel, including: enriched set of run-time 

control and monitoring options, extended API library, and a scope 
function optimized for lower memory usage and faster response.

These capabilities are delivered through the Typhoon HIL paradigm 
for vertically integrated hardware and software improving the user ex-
perience and eliminating the need for expensive third party software 
toolchains. “New Typhoon HIL Control Center Software emphasizes 
our commitment to ensuring that power electronics engineers work 
with the superior Hardware-in-the-Loop testing and real-time simula-
tion tools, while enjoying while enjoying a seamless user experience,” 
said Dr. Dusan Majstorovic, the Director of Product Development at 
Typhoon HIL Inc. “We know that power electronics engineers are fac-
ing tremendous testing challenges and we promise to provide them 
with the best testing tools that will enable them to push the boundar-
ies of control software/fi rmware/hardware performance and quality.”
With this release, Typhoon HIL continues to deliver on its commitment 
to support its customers and incorporate their feedback through the 
inclusion of features and improvements in the software and fi rmware. 
The version of Control Center is available immediately. 

Http://Typhoon-HIL.com

Setting the Standard for Hardware-in-The-Loop Testing 

Cornell Dubilier Electronics, Inc. announces 
availability of its new PFCH capacitor se-
ries for 3-phase AC power harmonic fi ltering. 

Intended for use on the AC output of large 
inverter system, Type PFCH are designed to 
fi lter undesirable harmonics before power is 
delivered to the grid or load. Typical applica-
tions include but are not limited to automatic 
power factor correction equipment, wind 
turbine PFC controllers, solar inverter output 
fi lters, tuned and detuned capacitor banks 
and power line conditioning.
Each PFCH capacitor is made with three self 
healing metallized polypropylene windings, 
connected in delta, and enclosed in a cylin-
drical aluminum case fi lled with environmen-
tally friendly fl uid. Built in bleeder resistors 
reduce voltage to safe levels when capaci-
tors are taken off line for maintenance. To 
ensure an open and safe failure mode at end 
of life, type PFCH capacitors utilize a UL810 
tested and approved internal mechanical 
pressure interrupter that disconnects the 
capacitor winding from the circuit before 
pressure exceeds unsafe limits.

Type PFCH ratings range from 0.5 KVAR 
to 17.5 KVAR at 240 Vac, 0.5 to 30 KVAR 
at 480 Vac, and 1 KVAR to 25 KVAR at 600 
Vac. Standard case sizes range from 2.0 
inches to 3.5 inches in diameter with lengths 
ranging from 5.75 inches to 13.73 inches. 
Larger case sizes and KVAR ratings are 
available upon request.
For power factor correction applications not 
requiring higher harmonic fi ltering, the com-
pany offers Type PFCS with greater KVAR 
ratings needed to achieve unity power factor 
correction.
In OEM quantities Type PFCH capacitors are 
available with pricing from $35. Samples are 
available in 4–6 weeks, production in 8–10 
weeks.
For inquiries, contact: Jack Chmura, Phone: 
(508) 996-8561

www.cde.com

3-Phase AC Power Harmonic Filter Capacitors 

CLF3 is a new capacitor built with a new patented concept that contin-
ues the tradition of Celem to supply high 
power capacitors at a very small volume 
and weight. CLF3 provides power of 
1500kVAr in volume of 3 liter and weight 
of 6 Kg, well below equivalent capacitors 
in the market.
A major reduction in weight and volume 
is achieved by using Celem unique 
design of water cooling electrodes.  This 
design prevents the need of immersing 
the capacitor in oil, and enables mount-
ing in any angel and position for limited 

space designs.  The CLF3 can even be connected directly to the 
work-coil from any side of the capacitor.
The CLF3 has internally two capacitor elements which can be con-
nected by simple external bridging either in parallel, or in series. Sin-
gle element can also be connected.  This unique structure provides a 
fl exibility of voltage current and capacitance in a single capacitor unit. 
Celem call this feature ‘smart tapping’.
The CLF3 is built with anodized aluminum electrodes. This makes the 
capacitor very light in weight and reduces the price of the capacitor.  
Copper electrodes are available as well.

http://www.celem.com

Super Compact Low Frequency Capacitor

NEW PRODUCTS

http://Typhoon-HIL.com
http://www.cde.com
http://www.celem.com
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powerful products 
for power electronics
Best in class efficiency, performance 
and thermal management for next 
generation power conversion  
modules and devices 

RO-LINX®  Busbars are designed and manufactured 
for high reliability and advanced power delivery 
systems. Our industry standard RO-LINX® series 
feature UL listed constructions for safety and long 
life performance. 

Our new RO-LINX® Hybrid and RO-LINX PowerCircuit® 
Solution deliver both power and circuitry 
functionalities in a single innovative footprint for 
emerging applications in the (H)EV, Solar, Wind and 
Variable Frequency Drive (VFD).

curamik® offers the most innovative solutions for your 
power electronic applications.

curamik® high temperature / high voltage substrates 
consist of pure copper bonded to a ceramic substrate 
such as Al2O3 (Alumina), AlN (Aluminum Nitride), HPS 
(ZrO2 doped) or silicon based Si3N4 (Silicon Nitride). 

Advantages 

> Great heat conductivity and temperature resistance 

> High isolation voltage 

> High heat spreading 

RO-LINX ®  Busbars

curamik® CERAMIC SUBSTRATES 

 
USA +1 480 917 6000
EUROPE +32 9235 3611
ASIA +65 6747 3521 

 
USA +1 480 917 6000
EUROPE +49 9645 9222 0 
ASIA  +86 512 6258 2730 

PCIM Europe 2014
May 20 – 22

Exhibition Center Nuremberg Hall 9,  Booth 348 

Visit our oral presentation at the conference on  

Hybrid Substrates: May 20, 14:00, Room Brüssel I

www.rogerscorp.com/pes

FCI, a leading supplier of connectors and interconnect systems, is 
proud to announce the PwrBlade+™ power connector has completed 
its long-term reliability tests when cross-mated with the TE Connec-
tivity Multi-Beam XLE connector series. All tests were performed by 

Contech Research, a leading independent reliability test lab.
PwrBlade+™ is a modular AC/DC power distribution connector 
designed for demanding PCB and cable mounted applications. The 
PwrBlade+™ connector builds on the PwrBlade® connector’s proven 
technology, with enhancements to achieve improved current rating 
performance and reduced power loss. It is rated up to 75A per power 
contact, without exceeding a 30°C temperature rise in still air. This 
product features a high power contact and housing design that allows 
higher current carrying capability in a more compact package. The 
connector features low power contacts as well as signals for lower 
power application and monitoring/control circuits.
These products were developed specifi cally to meet reliability and 
performance requirements of the telecommunications, datacom, net-
working, server, storage, network switch, and power supply industries. 

www.fci.com

FCI Completes PwrBlade+™ Joint-Qualifi cations

CUI Inc has announced an ultra-compact 
USB switching power adapter for continental 
Europe, the EPSA050100UE-I38-EJ.
The 5 W wall plug adapter is among the 
smallest to integrate USB and has a footprint 
of just 59 x 42 mm. The small form factor 
makes it ideally suited for consumer ap-
plications, including tablets, media players, 
e-readers, GPS, and other mobile devices.
The EPSA050100UE-I38-EJ is fully compli-
ant with European ErP phase II regula-
tions and has Level V energy-effi ciency 
compliance for green design requirements. 
Additionally, the adapter is equipped with a 
no-load power draw of less than 0.1 W.
Rated with an output of 5 Vdc at 1 A, 
the high density EPSA050100UE-I38-EJ 
operates at ac input voltages ranging from 
90~264 Vac.  Safety marks include GS, LPS 
(limited power source), and CE.
The 5 W power adapter meets EN55022 
Class B limits for conducted and radiated 
EMI and provides protections for over-volt-
age, over current, and short circuit condi-
tions.
The EPSA050100UE-I38-EJ joins CUI’s 
existing North American blade version and is 
now available through distribution with prices 
starting at $6.36 for 100 pieces. OEM pricing 
is available on request.

http://www.cui.com/
product/resource/epsa

-5w-eu-usb.pdf

Ultra-Compact 5 Watt 
USB Power Adapter 
for European Market

NEW PRODUCTS

http://www.fci.com
http://www.cui.com/product/resource/epsa-5w-eu-usb.pdf


Bodo´s Power Systems® June 2014 www.bodospower.com52

CONTENTNEW PRODUCTS

New from Allegro MicroSystems Europe, the A8651 is a dual synchro-
nous low-voltage buck regulator IC that combines fl exibility, robust-
ness and automotive (AEC-Q100) qualifi cation for use in multiple 
output systems with a 2.5 V to 5.5 V system rail.

The  device is a dual 2 A, low input voltage synchronous regulator 
with an adjustable-frequency integrated high-side P-channel MOSFET 
and a low-side N-channel MOSFET. It incorporates current-mode con-
trol to provide simple compensation as well as excellent loop stability.

The A8651 uses external compensation to optimise the transient 
response without sacrifi cing stability. It regulates input voltages from 
2.5 V to 5.5 V down to output voltages as low as 0.8 V, and is able to 
supply up to 2 A of load current per regulator.

Key features include an externally adjustable and syn-
chronisable switching frequency, an externally set soft 
start time to minimise inrush currents, independent “en-
able” inputs and independent open-drain fault indication 
outputs with 7.5 ms delay. The “sleep” mode current of 
the A8651 control circuitry is less than 5 μA.
Protection features include input undervoltage lockout, 
cycle-by-cycle overcurrent protection, “hiccup” mode 
short-circuit protection, overvoltage protection and ther-
mal shutdown. In addition, the A8651 provides open-
circuit, adjacent pin short-circuit, and short-to-ground 
protection at every pin to satisfy the most demanding 
automotive applications.
The A8651 has been designed specifi cally for use in 
automotive infotainment, GPS, telecom, networking and 
home/professional entertainment system applications.
The A8651 device is available in a 20-pin eTSSOP 
package with exposed thermal pad for enhanced 
thermal dissipation (suffi x LP). It is lead (Pb) free, with 

100% matt tin leadframe plating.. 

www.allegromicro.com

Dual Synchronous Low-Voltage Buck Regulator IC 

Electric Drives Production
Konferenz und Ausstellung
Nürnberg, 30.09. – 01.10.2014

Find THE components, semi-finished goods and materials
which you will need for your production of the electric
drive and generator. 

Take part at E|DPC!
edpc-expo.com

More information at
+49 711 61946-65 or edpc-expo@mesago.com

Get your free entry ticket:

edpc-expo.com

Scientific Partner:

Official Association Partner:

http://www.allegromicro.com
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Amantys provides highly reliable gate 
drivers with advanced functionality 
supporting a wide range of IGBT modules 
and vendors.

Amantys technology uses advanced digital 
control, monitoring and communications 
techniques to deliver unrivalled IGBT 
switching performance.  

 In-system configuration of gate resistors

 State of the art short circuit protection

 Real time monitoring of critical system 
parameters

 Rich fault codes

IGBT drivers up to 6500V and current
ratings up to 3600A

Intelligent 
control of Power

Tel: +44 (0)1223 652 450
email: info@amantys.com
visit: www.amantys.com

http://www.amantys.com
http://www.pwrx.com


http://www.sensor-test.com/voucher
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Intersil Corporation announced the ISL8216M 80 Volt, 4 Amp 
non-isolated DC/DC step-down power module. This integrated and 
simple-to-use module solution marks Intersil’s entrance into high volt-
age infrastructure and industrial applications. The ISL8216M power 
module provides a complete power supply 
in a package that can be used across mul-
tiple applications from telecom and network 
infrastructure to factory test equipment with 
minimal design effort, speeding time to 
market.
The ISL8216M power module supports a 
wide input voltage range from 10V up to 
80V with an adjustable 2.5V to 30V output 
range, making it a fl exible solution for 12V, 
24V, 36V and 48V applications, including 
high voltage embedded board controllers. 
Using a single module, designers can op-
timize the power effi ciency of their designs 
with minimal cost and decreased time to 
market.
The ISL8216M is a turnkey power module 
solution that requires only fi ve external com-
ponents, streamlining power supply design 
and reducing design and manufacturing 
risk. The ISL8216M power module is packaged in a rugged thermally 
enhanced 15mm x 15mm x 3.6mm over-molded High-Density Array 
(HDA) Package, which permits full load operation without a heat sink 

or fans, preserving valuable board space. The ISL8216M’s full suite 
of protection features includes over-current, over- / under-voltage and 
over-temperature shutdown, further enhancing the reliability of power 
systems.

www.intersil.com/products/ISL8216m

Company’s First 80 Voltage Power Module

NEW PRODUCTS

http://www.intersil.com/products/ISL8216m
http://www.rubadue.com
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Power Your Recognition Instantly
Based in Munich, Germany, ITPR Information-Travels Public Relations is a full-service consultancy 

with over a decade of experience in the electronics sector.

As a small exclusive agency, we offer extremely high ROI, 

no-nonsense flexibility and highest priority to only a handful of companies. 

Strategical Support
Corporate/Product Positioning, Market/Competitive Analysis, PR Programs, Roadmaps, 

Media Training, Business Development, Partnerships, Channel Marketing, Online Marketing

Tactical PR
Writing: Press Releases, Feature Articles, Commentaries, Case Studies, White Papers

Organizing: Media Briefings, Road Shows, Product Placements in Reviews and Market Overviews, 

Exhibitions, Press Conferences

Monitoring and Research: Speaking Opportunities, Editorial Calendars, Feature Placement, 

Media Coverage, Competitive Analysis

Translations: Releases, By-Lined Articles, Websites, etc.

Call or contact us today for a free consultation on how PR 

can dramatically affect your company’s bottom line.

ITPR Information-Travels Public Relations

Stefanusstrasse 6a, 82166 Gräfelfing-Munich, Germany

Tel ++49 (89) 898687-20, Fax ++49 (89) 898687-21, 

electronics@information-travels.com

w w w . i n f o r m a t i o n - t r a v e l s . c o m

http://www.information-travels.com
http://www.thermalnews.com/conferences
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POWER TO MAKE
LIFE COOLER
With its best-in-class performance enabling heat loss
reduction, the UMOS VIII helps to keep you cool.
Also the new DTMOS IV with its compact design  delivers 

 
application,Toshiba has the power to make it happen. 

  UMOS VIII: 30-250V MOSFETs Best in class
 Ciss* Ron performance
 DTMOS IV-low loss performance in 600 & 650V class
 Smallest packaging (SMOS line-up)
 SiC Diodes
 Automotive MOSFETs

www.toshiba-components.com/power

Alpha and Omega Semiconductor Limited (AOS) introduced 
AOZ1331, the latest addition to the EZPower Smart Load Switch fam-
ily that delivers up to 6A per channel of continuous current. The dual 
device’s low on-resistance of 20mW in a thermally enhanced 3mm x 

2mm DFN package give it an ideal RDS(ON)-to-footprint ratio to en-
hance performance in space constrained applications. The AOZ1331 
is an ideal solution for the latest notebook PCs, Ultrabooks, tablets, 
set-top-boxes, solid-state drives, networking equipment, LCD TVs, 
and other consumer electronics applications. 
The AOZ1331 includes two n-channel MOSFETs with an input operat-
ing voltage range of 0.8V to 5.5V, with an input bias voltage range of 
2.5V to 5V. Each load switch operation is independently controlled 
via a low-voltage logic control signal. The device can switch 6A per 
channel of continuous current with a turn-on slew rate that can be pro-
grammed by an optional external capacitor. Additionally, an internal 
220Ω load resistor is integrated into each channel to allow for quick 
discharging of capacitive output loads. 
“The combination of low on-resistance and a thermally enhanced 
3x2mm DFN package, allows the AOZ1331 to offer industry-leading 
performance, making it the ideal load switch for a variety of applica-
tions” said Daniel Chang, Vice President of the Power IC Product Line 
at AOS. “The AOZ1331 simplifi es designs by including features such 
as slew rate control and load discharge that eliminate input supply 
glitches and other noise.

www.aosmd.com

Smart Load Switch Delivering up to 6A 
Per Channel of Continuous Current

http://www.aosmd.com
http://www.toshiba-components.com/power
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http://www.photovoltaic-conference.com
http://www.photovoltaic-exhebition.com
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Sonoscan’s WaterPlumeTM technology is once again pushing the limits in Acoustic Microscopy. The new 
DF2400Z™ is factory-friendly with SECS-II/GEM E30 and SMEMA compatibility, providing complete automation with 2x 
to 7x faster throughput. WaterPlume’s unique configuration acoustically scans multiple power modules from beneath, 
keeping the critical components on top dry and contaminant free. The DF2400Z  uses Sonoscan’s Sonolytics™ software 
platform that captures acoustic images at up to 100 selected depths with a single scan. 

Contact us at info@sonoscan.com to learn how WaterPlume™ 
can increase throughput while safely and nondestructively 

inspecting power modules.

™

www.sonoscan.com

Say Hello to Safe Automated 
Power Module Inspection

The 6th Annual IEEE Energy Conversion Congress and 

Exposition (ECCE 2014) will be held in Pittsburgh, 

Pennsylvania, USA on September 14-18, 2014. ECCE has 

come to be regarded as the ideal environment for 

industry, academia, and startups to meet, collaborate, 

motivate, and innovate over global initiatives in 

research and industrial advancements. With a record 

number of submitted digests the conference expects to 

be the largest ECCE to date. An exciting list of events 

include 1) a plenary session featuring speakers from US national labs and global industry champions, 2) numerous 

technical sessions on energy conversion systems and technologies as well as components and materials, 3) 

exposition featuring exhibitors displaying the latest advances in energy conversion technology . Please visit 

http://2014.ecceconferences.org/ for more information and be a part of this international hotspot on all things 

related to energy!

http://www.sonsscan.com
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International Rectifi er has expanded its StrongIRFET™ MOSFET 
portfolio to include 60V devices for a wide variety of industrial ap-
plications including power tools, Light Electric Vehicle (LEV) inverters, 
DC motor drives, Li-Ion battery pack protection, and Switched Mode 
Power Supply (SMPS) secondary-side synchronous rectifi cation.
The new family of 60V StrongIRFET™ power MOSFETs feature ultra-
low on-state resistance (Rds(on)) for improved performance in low 
frequency applications, very high-current carrying capability, soft body 
diode, and 3V typical threshold voltage to improve noise immunity. 
Each device in the family is 100% avalanche tested at industry 
highest avalanche current levels to ensure the most robust solution 
for demanding industrial applications. The devices are available in 
through-hole and surface mount D2-PAK packages. 
Featuring ultra-low Rds(on) and 100% avalanche tested to demand-
ing industry levels to ensure robustness, IR’s family of 60V Stron-
gIRFET™ devices offers a selection of benchmark performance 
MOSFETs optimized for the industrial market.

http://www.irf.com

60V MOSFETs Featuring Ultra-low Rds(on) 

Cornell Dubilier Electronics, Inc. (CDE) 
announces it has expanded its line of MLS 
Flatpack aluminum electrolytic capacitors 
to include a high vibration package, type 
HVMLS and a high reliability burn-in option, 
type HRMLS. Applications are mainly for 
military and commercial fl ight based power 
systems that require high energy density, 
high reliability, rugged capacitors for bulk 
storage, where relatively expensively wet 
tantalum capacitors had previously been the 
only type suited for these environments.
The MLS family of capacitors are packaged 
in fl at, stainless steel cans, one-half inch in 
height with a near hermetic, precision welded 
construction, tested up to 80,000 feet. Their 

fl at form factor allows them to be fi t into tight 
spots, easily cooled, and easily ganged 
for compact, high bulk storage.  The high 
vibration HVMLS version is further enhanced 
with ruggedized internal terminations and 
compressed can edges that keep the internal 
winding secure when tested up to 50g’s of 

vibration. The high reliability version, type 
HRMLS are burned-in at rated voltage and 
85°C, long recognized as the established mil-
itary standard to achieve excellent reliability. 
Both ruggedized and high reliability options 
may be ordered together by specifying type 
HVHRMLS to ensure extraordinary life and 
reliability in the most critical of applications.
The company combines innovative products 
with engineering expertise to provide reliable 
solutions for inverters, wind and solar power, 
electric vehicles, power supplies, medical 
power, motor drives, HVAC, motors, welding, 
aerospace, telecom, and UPS systems.

www.cde.com

Ruggedized Flatpack Capacitors that Handle Vibration up to 50g’s

Consistently delivering the resources to ease software development 
and reduce accompanying costs, Texas Instruments (TI) (NASDAQ: 
TXN), introduces the latest version of its Code Composer Studio™ 
integrated development environment (IDE) – version 6. Based on the 

latest version of the popular, industry-standard, open-source Eclipse 
software framework, Code Composer Studio v6 provides numerous 
updates, features and integrated tools to ease the software develop-
ment experience. Running on both Windows and Linux® operating 
systems, Code Composer Studio v6 is available in a number of differ-
ent license confi gurations, including several free options, reducing the 
cost of getting started on an embedded design. Code Composer Stu-
dio v6 is compatible across TI’s broad embedded processing portfolio 
including microcontrollers (MCUs), ARM-based processors and digital 
signal processors (DSPs).
Free licenses of Code Composer Studio are available when using a 
development board with an integrated debug interface or when using 
the ultra-low cost XDS100 debug probe (priced at $79).   MSP430 
users can use a free 16KB code size limited license with the TI 
compiler or unlimited code size with GCC. The full platinum license 
for all TI embedded processors is available at the price of $495. Code 
Composer Studio v6 is also free for Linux and Android application 
developers who do not require a JTAG debugger. 

www.ti.com

Code Composer Studio™ IDE v6 offers a App Center

http://www.ti.com
http://www.irf.com
http://www.cde.com
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IXYS Corporation announced the availability of MTI200WX75GD with 
an integrated 6-pack confi guration in one  isolated surface mountable 
module (ISOPLUS-DIL).

The MTI200WX75GD offers 3 electrically isolated half bridges with 
identical layout with a 75V MOSFET featuring an ultra-low on resis-
tance of 1.1 milliohms and real Kelvin gate connections for optimal 
gate control. The ISOPLUS-DIL package can be surface mounted with 
standard pick and place equipment, is suitable for re-fl ow processes 
and as such can be easily integrated in automated manufacturing 
lines. 
Typical applications, among others, are high effi cient DC-DC convert-
ers, battery chargers, solar battery chargers, motor inverters, power 
steering, E-Bikes, light electrical vehicles and pumps. 

www.ixys.com

75V 6-Pack High Power Density 
Surface Mount DIL Isolated Package

The ATGF 1500 multifunction battery test equipment for rechargeable 
batteries and battery chargers, which is tailored to meet the needs of 
electric bicycle (ebike) specialized dealers, is available from bat-
teryuniversity.eu starting May, 2014.

The easy-to-use ATGF 1500 is suitable for almost all ebike recharge-
able battery systems used by the ebike manufacturers Derby Cycle, 
Gazelle, Simplon and ZEG. After a certifi ed half-day course, users of 
the ATGF 1500 are able to perform test and maintenance processes - 
directly onsite in their own workshops - relevant for the safe operation 
of ebike rechargeable battery systems. The ATGF 1500 enables fast 
functional testing of rechargeable batteries and battery chargers. In 
addition, in capacity tests, it can determine the remaining capacity of 
the rechargeable battery according to the IEC standard and in relation 
to the number of charge and discharge cycles as well as evaluate its 
calendar age. Furthermore, if required, a special program of the ATGF 
1500 enables a recalibration of the capacity display of the recharge-
able battery. After test completion, a test protocol is created, which 
contains the previously requested customer and dealer addresses, all 
information about the tested rechargeable battery or battery charger 
as well as the test result.
With the comprehensive test, maintenance, and calibration options of 
the ATGF 1500, an important part of the rechargeable battery compe-
tence is transferred to the ebike dealer. Being able to immediately and 
reliably analysis possible sources of error onsite, therefore, contrib-
utes signifi cantly to customer satisfaction and customer loyalty.

www.batteryuniversity.eu

Battery Test Equipment Enables 
Onsite Testing as Well as Calibration

driven by prime

performance

Highly-integrated SCALE-2® ASIC chipset
IGBT driver with plug-and-play functionality
Advanced Active Clamping (A C)

power. precision. excellence. 

www.IGBT-Driver.com

http://www.ixys.com
http://batteryuniversity.eu
http://IGBT-Driver.com


Your Gateway to …
the South American Power Electronics Market.

International Conference and Exhibition
for Power Electronics, Intelligent Motion,
Renewable Energy and Energy Management
São Paulo, 14 – 15 October 2014

More information at: +49 711 61946-0
or pcim-southamerica.com

Power On!

http://pcim-southamerica.com
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Magna-Power Electronics, a leader in 
high-power programmable DC power 
supplies, expanded it 2U (3.5“ height) rack-
mount XR Series product line to 10,000 
watts output power, which includes 17 new 
models spanning voltages up to 1000 Vdc 
and currents up to 600 Adc. The XR Series 
addresses requirements in a wide range of 
applications, including: automated test equip-
ment (ATE), automotive and hybrid/electric 
development, semi-conductor burn-in, battery 
charging, among a wide variety of research 
and development activities. With thousands 
of units in the fi eld, the XR Series robustness 
and ease of programmability have been 
validated at customer sites around the world 
since its initial release in 2009.
The new 10 kW 2U models continues Ma-
gna-Power’s drive for rack-mount program-
mable DC power density as exemplifi ed 
through the company’s immensely success-
ful 1.5 kW to 4 kW 1U SL Series and 5 kW to 
15 kW 3U TS Series. The new 600 Adc 2U 
models allow even high current applications 
to leverage the company‘s high power densi-
ty products. All Magna-Power programmable 
DC power supplies feature the company’s 
current-fed power processing topology for 
greater tolerance to abusive loads.
XR Series models come standard with moni-
toring and control from a variety of sources, 
including: front panel, computer interface and 
an isolated DB37 analog-digital I/O connec-
tor. A Standard Commands for Programmab-
le Instrumentation (SCPI) command set is 
supported, allowing easy ASCII text program-
ming over a computer interface. In addition, 
an IVI driver is included for the Visual Studio 
programming environment along with a dedi-
cated National Instruments LabVIEW™ and 
LabWindows™ driver. Additional computer 
interface options include LXI TCP/IP Ethernet 
(+LXI), IEEE-488 GPIB (+GPIB), USB and 
RS-485.
The XR Series now spans 70 models from 
2 kW to 10 kW output power, 0-5 Vdc to 
0-10,000 Vdc output voltage and 0-0.2 Adc 
to 0-600 Adc output current, making it among 
the most broadest 2U rack-mount program-
mable power supply line in the industry. 
Load-dependent variable speed fans are 
standard on all models. A High Slew Rate 
Output (+HS) is available for fast output tran-
sitions and higher programming bandwidth. 
Master-slave operation will be available with 
the UID47 device, enabling multiple units to 
be tied in series or parallel.
Production time for new units is 2 weeks 
for nearly all XR Series models, leveraging 
Magna-Power’s vertically integrated United 
States manufacturing facility. For faster 

delivery, Magna-Power now offers stock 
models, with a real-time inventory listing on 
its website. www.magna-power.com

2U XR Series Product Line Expands to 10 kW and 600 Adc

Let us be your power expert. We understand that you don’t 
have the time to master every aspect of electronic design. 
As a leading manufacturer of power supplies we are here to 
collaborate with you to ensure your next project is a success. 

www.cui.com/PowerExpert

Powering your next design.

Novum®
Advanced Power

Ac-Dc
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Dc-Dc
Converters
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http://www.magna-power.com
http://www.cui.com/PowerExport
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NEW PRODUCTS

Indium Corporation’s Indium10.1 Solder Paste is a Pb-free halogen-
containing solder paste with the lowest levels of voiding for QFNs, 
BGAs, and pads with large ground planes. 
The oxidation-inhibiting properties of Indium10.1 promote industry-
leading head-in-pillow and graping resistance, with complete co-
alescence, even after long refl ow profi les. The exceptional soldering 
ability of Indium10.1 makes it the best solution for components with 
less-than-ideal solderability and challenging RF shield metallizations. 
Indium10.1 enables the lowest cost of ownership to PCB assembly 
manufacturers through an all-around balanced performance in both 
high print and soldering yields. It boasts a versatile, well-balanced set 
of properties with best-in-class printing and soldering performance. 
Indium10.1 provides industry-leading print defi nition and transfer 
effi ciency, low voiding performance, and head-in-pillow and graping 
resistance. 

Indium10.1 Solder Paste is part of Indium Corporation’s family of high 
performance, lead-free solder pastes. The series was designed to 
provide multi-faceted performance characteristics, bringing the right 
balance of solder paste attributes tailored specifi cally to each specifi c 
manufacturing process. Each paste in the series was developed to 
optimize print performance and mitigate common defects faced by 
manufacturers of personal electronics, such as QFN voiding, head-in-
pillow, and graping. 
For more information about Indium10.1 or the Pb-free Solder Paste 
series, visit 
www.indium.com/solder-paste-and-powders/leading-pb-free-solder-
pastes/ 

www.indium.com

Pb-Free Solder Paste Provides Lowest Voiding Levels for 
Large Ground Planes 

Vishay Intertechnology, Inc. introduced the industry’s fi rst 150 V n-
channel MOSFET in the compact, thermally enhanced PowerPAK® 
SC-70 package. Offering the industry’s lowest on-resistance at 10 V 
in the 2 mm by 2 mm footprint area, the Vishay Siliconix SiA446DJ is 
designed to increase effi ciency by reducing conduction and switching 
losses in a wide range of space-constrained applications. 
The SiA446DJ is optimized for primary-side switching in isolated DC/
DC converters, boost converters in LED backlighting, and syn-
chronous rectifi cation and load switching for power management 
applications in Power over Ethernet (PoE) PD switches, telecom DC/
DC bricks, and portable electronic devices. For these applications, the 
PowerPAK SC-70 is 55 % smaller than the 3 mm by 2.8 mm TSOP-6 
package while offering 40 % lower thermal resistance. 
Built on ThunderFET® technology, the SiA446DJ offers low maxi-
mum on-resistance of 177 mΩ at 10 V, 185 mΩ at 7.5 V, and 250 
mΩ at 6 V. At 10 V, the device’s on-resistance is 53 % lower than the 
previous-generation device in the TSOP-6 package, while its typical 
on-resistance times gate charge fi gure of merit at 10 V is 54 % lower 
for improved effi ciency. Furthermore, the SiA446DJ offers 26 % lower 
on-resistance than the latest competing device in the 3 mm by 2.7 
mm SOT-23 package. 

Extending Vishay’s portfolio of medium-voltage MOSFETs in compact, 
thermally enhanced packages, the SiA446DJ joins the previously 
released 100 V SiA416DJ in the PowerPAK SC-70 and the 100 V 
SiB456DK in the PowerPAK SC-75. The device is RoHS-compliant, 
halogen-free, and 100 % RG- and UIS-tested.

www.vishay.com/ppg?62925

www.vishay.com/mosfets/medium-voltage/

150 V N-Channel MOSFET in Thermally Enhanced Power-
PAK® SC-70 Package

http://www.indium.com
http:L//www.vishay.com/ppg?62925
http://www.vihay.com/mosfets/medium-voltage/


Flicker from steel smelters is compensated with multi-level voltage source SVC 
(Static VAR compensation) taking advantage of ABB’s innovative HiPak IGBT 
modules, eg the new 3,300 volt 500 ampere dual module.
Demanding high-power applications such as traction inverters, medium voltage 
drives, wind turbines, HVDC and FACTS benefit from the high reliability of ABB’s 
HiPak modules.
ABB’s family of HiPak modules are available from 1,700 to 6,500 volt as single IGBT, 
dual / phase-leg IGBT, chopper and dual diodes. All modules feature low losses 
combined with soft-switching performance and record-breaking Safe Operating Area 
(SOA).
For more information please contact us or visit our website: 
www.abb.com/semiconductors

ABB Switzerland Ltd. / ABB s.r.o.
www.abb.com/semiconductors
abbsem@ch.abb.com
Tel.: +41 58 586 1419

HiPak. Hot applications require innovative solutions.

http://www.abb.com/semiconductors


μIPM™ Power Modules Deliver up to 60% Smaller Footprint

Innovative Power Module
Reduces System Size

Part Number Size
(mm) Voltage

IO
(DC@ 
25°C)

Motor
Current** Motor Power

VO=150/75VRMS Topology
w/o HS w/HS

IRSM836-024MA 12x12 250V 2A 470mA 550mA 60W/72W 3P Open 
Source

IRSM836-044MA 12x12 250V 4A 750mA 850mA 95W/110W 3P Open 
Source

IRSM836-025MA 12x12 500V 2A 360mA 440mA 93W/114W 3P Open 
Source

IRSM836-035MB 12x12 500V 3A 420mA 510mA 108W/135W 3P Common 
Source

IRSM836-035MA 12x12 500V 3A 420mA 510mA 100W/130W 3P Open 
Source

IRSM836-045MA 12x12 500V 4A 550mA 750mA 145W/195W 3P Open 
Source

IRSM808-105MH 8x9 500V 10A 1.1A 1.3A 285W/390W Half-Bridge

IRSM807-105MH 8x9 500V 10A 1.1A 1.3A 285W/390W Half-Bridge

Specifi cations:

* IR’s iMOTION™ (ai mo shan), representing the intelligent motion control, is a trademark of International Rectifi er
** RMS, Fc=16kHz, 2-phase PWM, TCA=70°C, TA  25°C 

Features:
• Integrated Gate Driver IC
• Compact PQFN package offers
 up to 60% smaller footprint
• Eliminates the need for heat sink
• DC current ratings from 2A to 10A
• Voltage range of 250V – 500V

μIPM™ Advantages:
• Shortens design time 
• Shrinks board space requirements 
• Simplicity - Eliminates Heat Sink
• Replaces more than 20 discrete parts to
 deliver a complete motor drive stage 
• Slashes assembly time and cost 
• Simplifi es procurement and
 inventory management 
• Reference design kits available for quick
 evaluation on any 3-phase motor

For more information call +49 (0) 6102 884 311
or visit us at www.irf.com  THE POWER MANAGEMENT LEADER 

http://www.irf.com
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